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When tillage begins 
other arts follow. 
—Daniel Webster 

1 
GENERAL INTRODUCTION 
Since the soybean (Glycine max (L.) Merrill) was first Introduced 
into the United States in 1804, it has become a crop of major economic 
importance. Its first use was strictly to provide forage for farm 
animals, but now it seems to have unlimited uses. Each year the demand 
for soybeans increases; this demand has caused the soybean hectarage to 
multiply many times during the past two decades. Yield per hectare has 
steadily increased through Improved cultlvars and better crop management. 
With the improved cultlvars now available, many soybean producers 
are not realizing the maximum potential of the cultlvars. Cultural 
practices that may increase seed yields are sometimes overlooked. Such 
practices as timeliness of planting, variety selection, plant populations 
and row spacings have been reported to affect yields. In Iowa, the 1979 
yield average was 25.5 q/ha being grown on 3-2 million hectares. If a 
5 percent Increase was added to the average, It would mean 4 million 
quintals more being produced by Iowa soybean producers. This Increase 
would help satisfy the world's demand for soybean products. 
When the grain yield Is altered due to changes in cultural prac­
tices, the plant has undergone subtle changes. These slight changes may 
be ever so small on a plant basis but become apparent on an area basis. 
Listed in tabular form in Table 1 are several cultural practices and 
their effect un some plant characteristics. 
Table 1. Yield and yield components as Influenced by cultural practices* 
_ J Area effects Plant effects 
Type and 
direction of No. No. _ , TnHer- Height of 
treatment Yield of of . Yield Height , ® lowest 
pods seeds ^"8 pod 
Planting 
date— — — 
lateness - - - + + 
— — 0 — 
0 0 0 + 
— — + 
— — — 0 0 
Row spacing— 
decrease + 
+ 0 0 
0 + + + 
+  + 0  +  +  
0  + 0  +  0  +  
+ — 0 — + 
+ 
+ 0 + + + 
Plant popula­
tion or den- - 0 0+ 
slty Increase 0 0 
+ + 
0 — + + + 
0 + + + 
+ 
+ 
+ 
0 
+ - + + + 
0 — — + 
0 0 + + 
+ + + 
0 + 
+ + 0 -
"" -f" "f* "f" 
- negative affect, + • positive affect, and 0 = no affect. 
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Plant effects 
No. No. No. Seeds Pods , No. References 
of of of per per of 
nodes pods seeds pod node branches 
Dlmmock and Warren (1953) 
Leffel (1961) 
Smith et al. (1961) 
Sesay (1972) 
Carter (1974) 
Kruse et al. (1976) 
Benson et al. (1978) 
Data from this dissertation 
- - - - Lehman and Lambert (1960) 
+ + 0 + Weber et al. (1966) 
0 Hicks et al. (1969) 
+ Moraghan (1970) 
Sesay (1972) 
+ — + — — Costa (1977) 
Benson and Shroyer (1978) 
+ + - 0 - Data from this dissertation 
Probst (1945) 
Lehman and Lambert (1960) 
Weber et al. (1966) 
- - Hinson and Hanson (1967) 
Johnson ând Kârria (1967) 
Hicks et al. (1969) 
0 - Singh (1969) 
Fontes and Ohlrogge (1972) 
Sesay (1972) 
Enyi (1973) 
0 0 - Pandey and Torrie (1973) 
0 Wilcox (1974) 
+ - Woods (1974) 
0 + Costa (1977) 
- Lueschen and Hicks (1977) 
0 0 DOïâirsguez and Hinnê (197®) 
Hoggard et al. (1978) 
0 0 Pookpakdi (1978) 
- - 0 - Data from this dissertation 
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Planting Dates, Plant Population, Row Spacing Studies 
and a Description of Growth Types 
The fact that yield is affected by planting date, plant population 
and row spacing is well documented in the literature. However, the dis­
cussion with regards to the effects of these cultural practices on vari­
ous yield components have been less than thorough. 
Dimmock and Warren (1953), Leffel (1961), Smith et al. (1961), 
Sesay (1972), Kruse et al. (1976), Carter (1974), and Benson et al. 
(1978) have Indicated a yield decrease as planting is delayed. These 
yield reductions are attributed to a shortening of the duration of 
reproductive stages, especially the seed filling period. 
Carter (1974) reported that as planting date was delayed fewer nodes 
developed. Fewer pods per plant, especially at the upper nodes, fewer 
seeds per pod and smaller seed size were also indicated. He also stated 
that plant height was reduced with delayed planting dates, which agrees 
with Leffel (1961), Smith et al. (1961), and Kruse et al. (1976). How­
ever, Sesay (1972) did not find a height difference. Buhr (1971) 
reported shorter plant heights with early or late May plantings than 
mid-May plantings. Leffel (1961) and Kruse et al. (1976) found Increased 
lodging, whereas Smith et al. (1961) and Sesay (1972) found no difference 
in lodging with delayed planting. The height of the lowest productive 
node increased according to Leffel (1961) and Sesay (1972), whereas 
Smith et al. (1961) found a decrease as planting was delayed. 
Mooers (1908) was one of the first to report yield increases as row 
spacing was decreased. Since then, many researchers have obtained the 
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same results. Mighell et al. (1934), Wiggans (1939), Hanway (1954), 
Lehman and Lambert (1960), Weber et al. (1966), Moraghan (1970), and 
Costa (1977) are among those who have shown yield Increases as the spac­
ing between rows decreased. In a review of the research done in Iowa, 
Benson and Shroyer (1978) indicated a 10, 17 and 22 percent increase in 
yield by decreasing row spacing from 102 cm to 76, 51, and 25 cm row 
spacing, respectively. Most yield increases have been attributed to 
greater light interception earlier in the growing season. There have 
been reports of no yield increases, but they have been primarily con­
fined to the southern U.S. However, Hicks et al. (1969) and Sesay (1972), 
both in the northern U.S. soybean area, found no significant yield in­
creases as row spacing was decreased. 
Most researchers report an increase or no change in plant height as 
row spacing decreases (Lehman and Lambert, 1960; Weber et al., 1966; 
Hicks et al., 1969; Moraghan, 1970; Sesay, 1972; Costa, 1977). Hicks 
et al. (1969), Sesay (1972) and Costa (1977) indicate the height of the 
lowest pod increased with narrower row spacings. Costa (1977) reported 
the number of nodes per plant increased in narrow rows. Weber et al. 
(1966) and Moraghan (1970) indicated the number of branches increased as 
row spacing decreased. However, Lehman and Lambert (1960) and Costa 
(1977) have shown the opposite to be true. 
Most researchers agree that as plant population increases, the yield 
per plant decreases (Table 1). There are usually increases or no change 
6 
in plant height as plant population increases. Most reports indicate an 
increase in plant lodging and height of the lowest pod, but a decrease 
in nodes per plant, number of pods per plant, seed numbers and number 
of branches per plant as population Increases. 
There are two dominant soybean growth types grown in the United 
States. The determinate (dt^) growth type is used primarily in the 
southern soybean areas. The northern soybean areas grow indeterminate 
(Dt^) soybeans. The basic differences between the two types are that 
determinate growth ends in a terminal raceme with numerous (5-12) pods 
attached, and they have a longer vegetative period than indeterminates 
before reproductive stages begin. Very few nodes are added to the main 
stem after flowering begins. This is contrary to Indeterminates where 
plant height and number of nodes doubles after flowering has been initi­
ated. A semideterminate type (Dtg) has been developed and described as 
having characteristics intermediate between determinates and indeter­
minates, except its terminal growth ends in a raceme similar to the 
determinates (Bernard, 1972). 
The advantages of using determinates and to a lesser extent seml-
determlnates in the northern U.S. soybean areas are that the reproduction 
phase is separate from the vegetative phase, and decreased lodging since 
they are shorter than the indeterminates. This separation of the repro­
ductive phase from the vegetative phase should allow more photosynthates 
£q be partitioned to tha dayaloping seed. However, the determinates are 
not without disadvantages. They have a short flowering period which 
allows them little chance of recovery if a stress were to occur during 
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that period. Also, when grown In wide rows, determinates tend to pod 
close to the soil which could Increase harvest losses. 
Yield Components 
Yield components are those characteristics that directly affect 
yield. In soybeans, the number of nodes, pods per node, seeds per pod 
and weight per seed are the components most Important to yield. Graflus 
(1964) Indicated yield could not be altered without changing one or more 
of the components. Most crops, as with soybeans, have the ability to 
compensate if one yield component is decreased or suppressed. This com­
pensation reduces any loss of yield. McÂllster and Krober (1958) 
reported that seed weight increased as pods were artificially removed 
from the plants causing little change in seed yield. 
Many researchers have tried to determine the most important of the 
yield components. Kaw and Menon (1972) Indicated the number of pods per 
plant was strongly associated with yield. They also reported that seed 
size was negatively correlated with number of pods and seeds and plant 
height. Pandey and Torrie (1973) reported pods per plant was the high­
est correlated component of yield, with seeds per pod being almost 
equally as important. Burlamaqui (1975) found that variation in seed 
yield per plant could be attributed to the number of pods per plant. 
The contribution of seed size was small and the number of seeds per pod 
was insignificant. The variation in number of pods per plant was attrib­
uted to the variation of pods per node, as well as the number of nodes. 
He also noted that pods per node and number of nodes were inversely 
related. Fookpakdi (1978) also indicated that the number of pods per 
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plant was the single most Important component of yield. 
This dissertation was written and presented following the alternate 
thesis/dissertation format. Each section is a separate entity to be 
published, with minor modifications, in a professional journal. An 
overall summary follows the last paper. 
The objectives of these studies were to (1) obtain yield data, 
monitor and describe plant characteristics associated with yield as 
influenced by cultural practices and determinate, semdLdeterminate and 
indeterminate growth types, and (2) organize the results so that they 
would be useful to Iowa soybean producers. 
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PAPER 1. THE EFFECT OF DIFFERENT CULTURAL PRACTICES ON YIELD 
CHARACTERS OF INDETERMINATE, SEMIDETERMINATE, AND 
DETERMINATE SOYBEAN GROWTH TYPES 
10 
INTRODUCTION 
Decreasing the row spacing from conventional row widths Increased 
soybean seed yields In northern U.S. soybean areas (Wlggans, 1939; 
Lehman and Lambert, 1960; Weber et al., 1966; Benson and Shroyer, 1978). 
Other researchers have Indicated little or no gains In yield with nar­
row rows (Hicks et al., 1969; Sesay, 1972). Cooper (1980) has Indicated 
that soybeans with determinate growth habit respond more to narrow rows 
than do those with Indeterminate growth habit. Green and Shlbles (1980) 
have reported no consistent yield trends between the determinate, seml-
determlnate and Indeterminate soybean growth types vAien row spacing 
decreased. Both Cooper (1980) and Green and Shlbles (1980) agree that 
determinates and semldetermlnates may be better adapted to narrow rows 
than Indetermlnates In some environments since they are shorter and lodge 
less. 
Costa (1977) Indicated that the yield per plant, number of pods per 
plant, seed size, and number of branches per plant decreased as row width 
decreased. It was also reported that plant height did not change, but 
the height of the lowest pod and number of nodes per plant increased as 
row spacing decreased. Most researchers reported that plant height and 
lodging Increased as distance between rows decreased (Hicks et al., 1969; 
Moraghan, 1970). 
Increasing the plant population has resulted in varied yield re­
sponses (Probst, 1945; Lehman and Lambert, 1960; Johnson and Harris, 
1967; Wilcox, 1974; Dominguez and Hume, 1978). Most researchers have 
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indicated that yield per plant decreased as population increased (Hinson 
and Hanson, 1967; Fontes and Ohlrogge, 1972; Costa, 1977). Also, plant 
height, lodging and height of the lowest pod Increased as population 
increased (Johnson and Harris, 1967; Hicks et al., 1969; Sesay, 1972). 
However, Lueschen and Hicks (1977) found no height differences while 
Dominguez and Hume (1978) reported a reduction in height of indetermi­
nates as population Increased. Yield components, such as the number of 
pods per plant, nodes per plant, seeds per pod and seed size, have been 
altered as population was changed (Enyi, 1973; Pandey and Torrie, 1973; 
Costa, 1977; Dominguez and Hume, 1978; Pookpakdi, 1978). 
The purpose of the study was to determine the effects of row spacing 
and population on the morphological characters and yield components of 
soybean cultivars which have indeterminate, semideterminate and deter­
minate growth habits. 
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MATERIALS AND METHODS 
Field studies were conducted at three locations in Iowa each year 
during 1978 and 1979. The locations were the Northeast Iowa Research 
Farm, Nashua; the Iowa State University Agronomy and Agricultural Engi­
neering Research Center, Boone; and the Henninger Farm, Martinsburg. 
The treatments consisted of three row spacings (69, 34 and 17 cm), three 
2 plant populations (33, 63, 93 plants/m —to be called PI, P2, P3, respec­
tively) and six cultivars. The cultivars Coles and Williams (both public 
cultivars) have an indeterminate (Dt^) growth type. Elf (public) and 
SD77 (private) are determinates (dt^), and A73D22 (Iowa State University 
Experimental line) and 72-23113 (Soybean Research Foundation Experi­
mental line) are semideterminates (Dtg)• 
In both years, a split plot design was used. Row spacings were the 
main plots with cultivars and populations randomized within row spacings. 
All treatment combinations were replicated three times. Each location 
and year combination was treated as a separate environment. Therefore, 
there were six environments in this study. Replications were nested 
within environments. The planted plots were 2.05 x 6.09 m in the 69 cm 
row spacing and 1.71 x 6.09 m in the 34 and 17 cm row spacings. Plots 
were mechanically planted with a plot planter. In 1978, the 17 cm spac­
ing was obtained by doubling back through the plots with the plot 
planter= In 1979s a manually operated push planter was used to plant 
rows between rows already established with the plot planter. Emergence 
stand counts for all plots were taken soon after emergence. 
Prior to harvest, all plots were end-trimmed to 4.57 m. Plots were 
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harvested with a Clark-Fehr plot combine (Clark and Fehr, 1976). To 
obtain yield measurements, one, three and six rows were harvested in the 
69, 34 and 17 cm row spacings, respectively. Yield samples were placed 
in cloth bags and allowed to dry at 43 C for 48 hours. The weights were 
then adjusted to 13.5% moisture. The weight of 100 randomly selected 
seeds was obtained from the yield samples. 
Measurements that were obtained during the growing season consisted 
of emergence counts, days from planting to R1 (FDATE) (Fehr and Caviness, 
1977), plant height at R1 (RIHT—height was measured from the soil surface 
to the node with a fully expanded leaf), number of nodes at R1 (RINODE— 
nodes counted from unifoliolate node to the node with a fully expanded 
leaf). At R8, harvest stand counts were taken to obtain the percent 
stand loss. This was calculated by (1 - EmerlenL'sS^d'coufts " lO*)' 
Also taken at R8 were the number of days from planting to maturity (MAT) 
and plant lodging (R8LDG). Lodging scores were visually estimated with a 
score of 1 indicating that all plants were upright, 3 representing average 
plants were lodged at 45° angle and 5 indicating that all plants were flat 
on the ground. Before harvest, ten plants were removed from the harvest 
rows of each plot. The plants were selected at random with the stipula­
tion that the terminal growing point was intact and no other visible ab­
normalities occurred. After the plants were allowed to dry, other 
measurements taken were: plant height at R8 (R8HT), number of nodes at 
R8 (R8N0DE), height of lowest pod (LFOD), number of branches (BR), total 
number of pods per plant (TP), pods per node, and seed yield per plant. 
The average intemode length was calculated by R8HT/R8NODE. The weight 
14 
per seed was determined by seeds ^ The number of seeds 
per pod was calculated by P^^*"/weight per seed. Since the 
ten plants were taken from the harvest area, the seed yield from the ten 
plants was added to the yield samples to obtain the final yield per plot. 
Location ^  - Nashua ; 
The study area was a Readlyn (Aquic Hapludolls)-Kenyon (Typic 
Hapludolls) loam complex. À corn-soybean rotation had been followed. 
The area was fall chiseled with spring disking and trifluralin incorpo­
rated at the rate of 0.84 kg/ha. The area was disked and harrowed prior 
to planting. Planting dates for the two years were 22 May 1978 and 17 
May 1979. All plots, except the 17 cm row spacing, were cultivated on 
27 June 1978 and 19 and 26 June 1979. All plots were hand weeded when 
necessary. In 1979, due to a grass and broadleaf problem, bentazone was 
applied at the rate of 1.12 kg/ha on 15 June 1979 and diclofop-methyl at 
1.96 kg/ha on 6 July 1979. In 1979 no emergence counts were taken. 
Harvest dates were 14 October 1978 and 26 October 1979. 
Location 2 - Boone ; 
The 1978 study area was a Nicollet (Aquic Hapludolls)-Webster 
(Typic Haplaquolls) loam complex. Alachlor was applied at 3.36 kg/ha 
and chloropropham was applied at 1.69 kg/ha. The 1979 study area was a 
Canisteo-Webster (Typic Haplaquolls) silty loam complex. Trifluralin was 
incorporated at the rate of 1.12 kg/ha. Both areas received N-P-K at the 
rate of 0+89+89 kg/ha the fall prior to planting. A corn-oats-soybean 
rotation had been followed. Both areas were fall chiseled and worked 
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with a field cultivator in the spring. 
Planting dates for the two years were 25 May 1978 and 9 May 1979. 
No cultivation was required in 1978. In 1979, all plots, except the 17 
cm row spacing, received cultivation on 30 May and 5 June. All plots 
were hand weeded when necessary. Symptoms of iron chlorosis became 
apparent and all plots were treated with Sequestrene 138 Fe at the rate 
of 1.68 kg/ha on 6 and 11 June 1979. Harvest dates were 17 October 1978 
and 10 October 1979. 
Location _3 - Martinsburg : 
The study was conducted on a Taintor (Typic Argiaquolls) silty clay 
loam soil. A corn-soybean rotation had been followed. The area was fall 
plowed and disked twice in the spring. Trlfluralin was incorporated at 
the rate of 1.12 kg/ha. Planting dates for the two years were 27 May 
1978 and 22 May 1979. All plots, except the 17 cm row spacing, received 
cultivation on 14 June 1978 and 15 June 1979. All plots were hand weeded 
when necessary. Harvest dates were 18 October 1978 and 8 October 1979. 
No emergence counts were taken during 1979. 
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RESULTS AND DISCUSSION 
The results presented will be mean values from three locations and 
two years at each location (Appendix Table A- 1 ). To simplify Interpre­
tation of the results, Individual years and locations are not discussed. 
For every parameter measured, there were differences among cultlvars, 
but no discussion Is given for these differences (Appendix Table A- 4). 
Only the statistically significant Interactions at the 0.05 level are 
reported. 
The plant populations at emergence (EPOP) were not affected by row 
spacing as indicated in Table 1. There was a cultivar x population in­
teraction for EPOP (Table 4). There was no difference between cultlvars 
in EPOP at PI. Williams and 72-23113 had the greatest EPOP at P3, while 
Coles had the least. 
The plant populations at harvest (KPOP) were affected by row spac­
ing (Table 1). The HPOP increased as row spacing decreased. There were 
also row spacing x population, cultivar x row spacing and cultivar x popu­
lation interactions (Tables 2, 3 and 4). There was no difference in 
HPOP for the three row spaclngs at PI (Table 2). But as population in­
creased from PI to P2, the 34 and 17 cm row spacings had significantly 
greater HPOP than did the 69 cm row width. At P3 all row widths were 
significantly different and the 17 cm row width had the highest HPOP. 
The cultivar SD77 had a significantly lower HPOP than the other cultl­
vars at the 69 and 34 cm row spacings (Table 3). Cultivar 72-23113 had 
more KPOP st the 69 and 34 ctn row spacings than the other cultlvars. 
There was no difference among the cultlvars In HPOP at PI (Table 4). 
Table 1. The means of plant characters averaged over cultivars and environments 
Plant characters 
Variables Emer­ %Ja Height No. of Height No. of Inter- Lodg­ Height No. of 
gence aaiVcoL at nodes at nodes node ing of branches 
popu­ popu— RL at R8 at length at lowest per 
lation (cm) R1 (cm) R8 (cm) R8 pod (cm) plant 
Row space 
(cm) 
59 60.5 51,9 46.63 9.46 89.72 14.40 6.2 2.80 15.75 2.54 
34 63.5 59.0 49.60 9.88 96.44 15.34 6.2 3.02 17.14 2.15 
17 65.2 61.9 51.40 10.10 98.58 15.43 6.3 3.07 16.74 2.22 
LSD (.05) ns* 2.42 3.13 0.24 3.83 0.40 ns 0.16 0.94 0.22 
Population 
(plants 
per m^) 
33 33.1 31.9 44.68 10.50 90.86 16.26 5.5 2.52 12.16 3.12 
63 63.4 58.8 50.22 9.72 96.61 14.91 6.4 3.01 18.28 1.96 
93 92.5 82.2 52.76 9.22 97.28 14.00 6.9 3.36 19.19 1.82 
LSD (.05) 1.29 0.21 1.54 0.17 0.1 0.16 1.32 0.35 
^ns = nonsignificant at 0.05 level. 
Table 1. (Continued) 
Plant characters 
J Yield No. of No. of Weight 
PÎ:« I:? 
Z (8) node pod (g) 
32.76 
30.84 
30.15 
ns 
11.70 
4.30 
3.56 
4.29 
30.33 
32.84 
33.84 
2,18 
11.68 
10.18 
10.87 
ns 
2.33 
2.06 
2.00 
0.11 
2.265 
2.297 
2.288 
0.025 
0.161 
0.161 
0.161 
ns 
41.85 
27.99 
23.92 
1.74 
3.16 
6.29 
10.14 
3.34 
32.99 
32.70 
31.32 
0.74 
15.32 
10.14 
8.27 
0.62 
2.70 
1.93 
1.76 
0.12 
2.332 
2.293 
2.226 
0.027 
0.161 
0.162 
0.160 
ns 
Table 2. The means of plant characters for the significant row spacing 
by population interactions 
Variables Plant characters 
Row space Harvest population Height at R1 Height at R8 
(cm) (cm) (cm) (cm) 
Population Population Population 
(plants per m^) (plants per m ) (plants per m ) 
33 63 93 33 63 93 33 63 93 
69 30.8 52.4 72.5 43.38 47.57 48.97 88.08 91. 15 89.94 
34 32.1 61.1 84.0 44.46 50.73 53.62 91.82 98. 31 99.18 
17 32.8 63.0 90.0 46.22 52.35 55.68 92.67 100. 37 102.71 
LSD (.05) 2.13 0.57 2.01 
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Plant characters 
Internode length Height of lowest Stand loss Yield 
(cm) pod (cm) (q/ha) 
Population Population Population Population 
(plants per m^) (plants per m ) (plants per m^) (plants per m^) 
33 63 93 33 63 93 33 63 93 33 63 93 
5.58 6.33 6.71 
5.48 6.43 6.91 
5.51 6.52 7.11 
0.12 
12.52 16.82 17.90 
12.26 19.00 20.16 
11.71 19.01 19.50 
0.94 
4.20 12.87 18.04 
0.38 4.26 8.30 
4.93 1.75 4.04 
5.47 
30.16 30.46 30.38 
33.75 33.37 31.39 
35.06 34.26 32.20 
1.12 
Table 3. The means of plant characters for the significant cultivarby row spacing interactions 
Plant characters 
Harvest Height at R1 No. of nodes Height at R8 No. of nodes 
Cultivar population (cm) at R1 (cm) at R8 
Row space (cm) Row space (cm) Row space (cm) Row space (cm) Row space (cm) 
6'Sl 34 17 69 34 17 69 34 17 69 34 17 69 34 17 
Coles 51.44 59.37 63.32 36.21 37.54 39.95 7.36 7.72 7.82 104.58 115.06 119.10 15.62 16.47 16.52 
Williams 53.75 58.81 61.10 53.59 58.48 60.10 10.36 10.72 10.97 113.64 121.66 123.67 16.75 17.95 17.90 
A73D22 52.35 59.10 63.72 36.12 36.01 37.52 7.39 7.67 7.68 89.12 97.83 99.76 13.68 14.77 14.76 
72-23113 56.86 62.78 63.55 49.75 53.13 54.71 10.13 10.81 11.12 95.58 99.07 101.21 16.33 17.44 17.69 
Elf 51.29 53.91 61.13 48.55 52.20 54.06 10.24 10.60 10.93 61.45 64.81 65.07 11.16 11.77 11.89 
SD77 45.86 55.25 59.13 55.37 60.24 62.23 11.25 11.75 12.11 73.96 80.20 82.69 12.85 13.64 13.84 
LSD (.05) 2.50 1.97 0.28 2.33 0.27 
Table 3. (Continued) 
Plant characters 
Internode 
length (cm) 
Lodging 
R8 
at No. of branches 
per plant 
No. of pods 
per plant 
Yield per 
plant (g) 
No. of pods 
per node 
Row space (cm) Row space (cm) Row ! space (cm) Row space (cm) Row space i (cm) Row space (cm) 
69 34 17 69 34 17 69' 34 17 69 34 17 69 34 17 69 34 17 
6.73 7.03 7.28 3.45 3.62 3.58 1.98 1.68 1.54 34.19 31.19 29. 24 13.22 12.41 11.57 2.14 1.86 1.73 
6.83 6.84 6.97 2.80 3.02 3.12 1.90 1.33 1.39 26.93 26.21 25. 57 11.65 11.13 10.79 1.58 1.43 1.40 
6.53 6.66 6.81 2.91 3.17 3.18 1.25 1.09 1.07 31.16 31.23 30. 07 11.87 12.15 11.59 2.24 2.08 2.00 
5,87 5.71 5.75 3.19 3.29 3.32 0.58 0.55 0.56 25.33 25.79 24. 56 10.19 10.30 9.74 1.53 1.45 1.36 
5.52 5.52 5.49 1.98 2.12 2.19 4.97 4.48 4.50 32.45 29.87 29. 37 11.04 10.33 10.38 2.91 2.55 2.47 
5.76 5.89 5.98 2.29 2.79 2.94 4.55 3.75 4.25 46.52 40.72 42. 11 12.10 10.78 11.16 3.60 2.97 3.03 
0.16 0.19 0.26 1.86 0.70 0.12 
Table 4. Thie means of plant characters for the significant cultivar by population interactions 
Cultivar 
Plant characters 
Emergence 
population 
Population ^ 
(plants per m ) 
33 63 93 
Harvest 
population 
Population » 
(plants per m ) 
33 63 93 
No. of nodes 
at R1 
Population ^ 
(plants per m ) 
33 63 93 
Height at R8 
(cm) 
Population ^ 
(plants per m ) 
33 63 93 
Coles 33.34 60.24 89. 78 32. 05 59.03 83. 05 8.18 7.52 7. 20 114.20 114. 19 110. 35 
Williams 33.81 65.39 94. 83 31. 75 59.83 82. 51 11.52 10.59 9. 93 118.26 120. 79 119. 93 
A73D22 32.88 61.75 90. 36 32. 25 59.47 83. 49 8.06 7.57 7. 10 91.86 97. 36 97. 49 
72-23113 33.56 65.81 96. 21 32. 99 61.57 88. 63 11.54 10.57 9. 53 92.59 100. 98 102. 28 
Elf 32.84 64.10 92. 75 31. 87 58.26 81. 19 11.30 10.44 10. 04 55.45 65. 92 69. 97 
SD77 33.68 63.13 91. 52 30. 75 55.09 74. 41 12.43 11.62 11. 06 72.78 80. 44 83. 63 
LSD (.05) 2.45 2. 86 0.15 2.28 
Table 4. (Continued) 
Plant characters 
No. of nodes Lodging at Height of lowest pod No. of branches 
at R8 118 (cm) per plant 
Population Population ^ Population „ Population _ 
(plants per m ) (plant» per m ) (plants per m ) (plants per m ) 
33 63 93 33 63 93 33 63 93 33 63 93 
18,12 16.02 14.46 3.24 3.60 3.80 8.78 13.20 15.07 2.45 1.50 1.26 
19,60 17.17 15.81 2.44 3.05 3.46 18.72 23.72 22.48 1.83 1.20 1.59 
15.53 14.36 13.31 2.57 3.19 3.51 9.55 15.32 17.19 2.10 0.82 0.49 
18,49 16.91 16.06 2.76 3.36 3.67 16.64 26.46 28.29 1.09 0.26 0.34 
11.89 11.60 11.32 1.69 2.04 2.58 8.51 14.92 15.63 6.13 4.07 3.74 
13.39 13.40 13.04 2.30 2.70 3.01 10.78 16.03 16.47 5.13 3.91 3.51 
0.32 0.14 1.34 0.34 
Table 4. (Continued) 
Plant characters 
No. of pods 
per plant 
Population 
33 63 93 
Yield per plant 
w 
Population 
(plants; per m^) 
33 63 93 
No. of pods 
per node 
Population „ 
(plants per m ) 
33 63 93 
No. of seeds 
per pod 
Population _ 
(plants per m ) 
33 63 93 
42.35 29.35 22-92 16.83 11.56 8.83 2.33 1.82 1.58 2.21 2.18 2.15 
34.60 23.77 20.33 15.09 10.24 8.23 1.76 1.38 1.28 2.42 2.37 2.78 
42.33 28.05 22.09 16.43 10.89 8.29 2.71 1.95 1.66 2.30 2.25 2.18 
35.17 22.21 18,30 14.42 8.80 7.00 1.89 1.31 1.13 2.83 2.72 2.63 
40.71 26.54 24.45 14.14 9.40 8.22 3.45 2.30 2.18 2.17 2.22 2.12 
55.93 38.00 35.42 15.04 9.94 9.07 4.03 2.85 2.73 2.03 2.00 1.97 
2.02 0.76 0.15 0.05 
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The cultiver SD77 had a lower HPOP at P2 and P3 than the other culti-
vars. Cultivar 72-23113 had a significantly greater HPOP than the 
other cultivars at P3. 
Row spacing and population affected the height at R1 (RIHT) as in­
dicated in Table 1. When row spacing was decreased from 69 to 17 cm, 
the RIHT increased by about 5 cm. However, the difference in RIHT be­
tween the 34 and 17 cm row spacing was not significant. There was a 
significant increase in RIHT as population increased at each level, 
with an 8 cm increase in RIHT as population increased from PI to P3 
(Table 1). There was a significant row spacing x population interaction 
for RIHT (Table 2) due to a synergistic effect between increased popula­
tion and decreased row spacing. Within any row width, the greatest in­
crease occurred as population increased from PI to P2. A much smaller 
increase occurred from P2 to P3 within a row width. Also, RIHT in­
creased when row spacing decreased as the population was held constant. 
An explanation for increased height in narrow rows may be that within 
the 69 cm row spacing intra-row competition for light between plants 
may be greater than in the narrower row widths in which the plants are 
more evenly spaced. For the earlier maturing cultivars, Coles and 
A73D22, RIHT did not increase at the rate it did in the later maturing 
cultivars when row spacing decreased (Table 3). 
The number of nodes at R1 (RINODE) was affected by row spacing and 
population (Table 1). As row spacing decreased from 69 to 34 cni; RINODE 
increased. The RINODE decreased significantly as the population in­
creased (Table 1). All cultivars had the most nodes at the 17 cm row 
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spacing, but the greatest change in number of nodes occurred as the row 
spacing decreased from 69 to 34 cm (Table 3). Both of the determinate 
cultlvars and 72-23113 had significantly more nodes at the 17 than the 
34 cm row spacing. However, there were no differences in RINODE as 
row spacing decreased from the 34 to 17 cm row spacing for the remaining 
cultlvars. The greatest decrease in RINODE occurred as population in­
creased from PI to P2, except for 72-23113, but all values at P3 were 
significantly smaller than at P2 (Table 4). The earlier maturing cultl­
vars, Coles and Â73D22, were less affected by Increased populations 
than the later maturing cultlvars. 
Row width and population affected height at R8 (R8HT) (Table 1). As 
row spacing decreased, R8HT Increased. However, there was no significant 
difference between the two narrowest row spaclngs. An Increase in the 
population from PI to P2 caused an Increase in RBHT (Table 1). The row 
spacing x population interaction is shown in Table 2. As population in­
creased within the 69 cm row width, RBHT changed little compared with the 
change in the other spacins?*^ There was a height difference between PI 
and P2, but no difference occurred between PI and P3 in the 69 cm spac­
ing. RBHT increased as row spacing decreased, and when population in­
creased within the 34 and 17 cm row spaclngs. In the 34 cm row width, 
when population increased from P2 to P3, RBHT was unchanged. Significant 
cultivar X row spacing and cultivar x population interactions were also 
noted (Tables 3 and 4). All cultlvars Increased In R8HT as row spacing 
decreased from 69 to 34 cm (Table 3). The decrease in row spacing from 
the 69 to the 34 cm row width gave a larger Increase in R8HT for the 
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Indetermlnates and the early semldetermlnate (Â73D22) than the other 
cultivars. SD77 had the largest Increase in R8HT of the remaining 
cultivars. However, as row spacing decreased from 34 to 17 cm, only 
Coles and SD77 increased in plant height. The R8HT increased in the 
determinates as population increased at each level (Table 4), whereas 
the semideterminates and Williams remained constant as population in­
creased from P2 to P3. Coles had a decrease in R8HT when population 
was increased from P2 to P3. All cultivars, except Coles, had an in­
crease in R8HT as population increased from PI to P2. 
The number of nodes at R8 (R8N0DE) increased as row spacing de­
creased from 69 to 34 cm (Table 1). As population increased, there was 
a significant reduction in R8N0DE at each population level (Table 1). 
The greatest decrease occurred as population increased from PI to P2. 
The row spacing x cultivar interaction is shown in Table 3. All cul­
tivars had the greatest increase in R8N0DE as row spacing decreased 
from 69 to the 34 cm row width. Except for Coles and Elf, the other 
cultivars had an average increase of one node as row spacing decreased. 
In the determinates, R8N0DE remained relatively stable across all 
populations when compared to the semideterminates and indeterminates, 
which resulted in a significant interaction (Table 4). The semi­
determinates had a reduction of 2 nodes as compared to the loss of 
4 nodes in the indeterminates as population increased from PI to P3. 
Row spacing did not affect the average internode length (Table 1). 
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However, population did alter the internode length. The lowest popula­
tion had the shortest internode length, and the length increased as pop­
ulation increased. There was a row spacing x population interaction 
(Table 2). No differences in internode length occurred within PI as row 
spacing decreased. Within P2 the internode length increased as row 
width changed from 69 to 17 cm. There were significant differences be­
tween each row spacing at the highest population. Within each row spac­
ing, as population increased, the internode length increased. In the 69 
cm row spacing the R8N0DE influenced internode length more than R8HT, 
since R8HT remained constant across populations and R8N0DE declined, 
whereas, at the 17 cm row width, R8HT increased with increased popula­
tions more than R8N0DE decreased. The cultivars. Coles, A73D22 and SD77 
had an increase in internode length as row spacing decreased (Table 3). 
For these cultivars, the R8HT increased more than did R8N0DE as row spac­
ing decreased. The other cultivars did not differ in internode length 
as row spacing decreased. 
Lodging ât 58 (RoLDG) Increased as rov spacing decreased, as well 
as when population increased (Table 1). However, R8LDG did not differ 
between the 34 and 17 cm row spacings. There were significant cultivar x 
row spacing and cultivar x population interactions for R8LDG (Tables 3 
and 4). All cultivars had a marked increase in R8LDG as row spacing de­
creased from 69 to 34 cm with no significant increase in lodging between 
the 34 and 17 cm row spacings (Table 3). The increase in lodging as row 
spacing decreased was least for Elf and greatest with SD77. Elf had 
significantly less R8LDG at P3 than did the other cultivars at PI, SD77 
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at P3 was not statistically different than Williams and A73D22 at PI. 
This appears feasible since at P3 R8HT for the determinates are shorter 
than the other cultivars at PI. When considering the cultivar x popula­
tion interaction (Table 4), it appears that all cultivars, except Elf, 
had a greater R8LDG increase from PI to P2 than from P2 to P3. R8LDG 
at P3 was significantly higher than either P2 or PI. 
The height of the lowest pod (LPOD) increased as row spacing de­
creased from the 69 to 34 cm row spacing with no difference occurring 
between the 34 and 17 cm row spacings (Table 1). LPOD increased as pop­
ulation increased from PI to P2. There was no increase in LPOD between 
P2 and P3 (Table 1). As population increased within each row width, 
LPOD increased, except in the 17 cm row width there was no difference 
in LPOD between P2 and P3 (Table 2). A cultivar x population interac­
tion occurred for LPOD (Table 4). All cultivars had the greatest in­
crease of LPOD as population increased from Pi to P2. Only the semi-
determinates had a significant increase in LPOD as the population 
increased from P2 to P3. 
Decreasing the row spacing caused a reduction in the number of 
branches per plant (BR) (Table 1). However, there was no difference in 
BR between the 34 and 17 cm row spacings. Both the 34 and 17 cm row 
spacings had fewer BR than did the 69 cm row width. As population in­
creased, BR was reduced (Table 1). The largest decrease occurred between 
Pi and P2. There was no difference between ?2 and ?3. A significant 
cultivar x row spacing interaction for BR was noted (Table 3). The semi-
determinates were unaffected as row spacing dëcrëûBëu frcîû 69 to 17 cm. 
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When row spacing decreased from 69 to 34 cm, the Indetermlnates and de­
terminates had a reduction In BR. There was no difference In BR between 
the two narrowest row spaclngs, except for SD77 which gained BR. A 
possible explanation would be the Increased R8LDG for this cultlvar might 
allow more light penetration causing more branches. Each cultlvar had a 
decrease in BR as population Increased from PI to P2 (Table 4), but only 
Williams and Elf had significantly fewer BR as the population increased 
from P2 to P3. Even at the highest population, the determinates had more 
BR than did the semldetermlnates and Indetermlnates at the lowest popula­
tion. 
Although not significant at the 0.05 level, the total number of pods 
per plant (TP) decreased significantly at the 0.06 level as row spacing 
decreased (Table 1). When population Increased, there was a definite 
reduction in TP (Table 1). The greatest reduction (14 TP) occurred as 
population Increased from PI to P2. There was only a reduction of four 
pods per plant as the population Increased from P2 to P3. The row spac­
ing X cultiver interaction is shown in Table 3. The semldetermlnates 
and Williams were not affected as row spacing decreased from 69 to 17 
cm. Although the other cultivars had fewer pods as row spacing decreased 
from 69 to 34 cm, there was no significant decrease in TP except for 
Coles between the 34 and 17 cm row spaclngs. SD77 had more TP at the 17 
cm row spacing than did the other cultivars at the 69 cm row spacing. A 
significant cultlvar x population interaction occurred for TP (Table 4). 
The largest decrease in TP for each cultlvar occurred as the population 
increased from PI to P2. The determinates tended to have relatively 
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more TP at P3 than the semldetermlnates or the Indetermlnates at the 
same population. 
The 69 cm row spacing had the greatest percentage stand loss, pos­
sibly due to the Increased Intra-row competition among plants (Table 1). 
There was no difference In stand loss between the 34 and 17 cm row spac-
Ings. When the population Increased, the stand loss Increased but was 
nonsignificant between PI and P2 (Table 1). The highest population 
also had the greatest stand loss. This agrees with reports by Gupta 
(1973) that plant survival at maturity decreased as distance between 
plants decreased. The 17 cm row width tolerated the higher populations 
better than did the wider row spaclngs (Table 2). The 69 cm row width 
had the greatest stand loss as population Increased from PI to P2. 
Within population P2 and P3, the stand loss decreased as row spacing 
decreased. 
There was an increase In yield (per ha) as row spacing decreased 
from 69 to 34 cm (Table 1). There was no significant difference In yield 
between the 34 and 17 cm row spaclngs: As population increased from P2 
to P3, there was a decrease In yield (Table 1). There was no difference 
In yield between PI and P2. The row spacing x population Interaction Is 
shown in Table 2. The yield was not affected as population Increased 
within the 69 cm row spacing. Also, in the other two row spaclngs yield 
was not affected as population increased from PI to P2. However, yield 
was reduced for both the 34 and 17 cm row spaclngs when population in­
creased from P2 to P3. The greatest yielding combination was the 17 cm 
row width with the lowest population. Looking at the cultlvar x row 
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spacing Interaction in Table 3, all cultivars, except Coles, obtained 
their highest yield at the narrowest row spacing. However, only 
Williams and Elf had significant yield Increases as row spacing decreased 
from 34 to 17 cm. Coles, A73D22 and Elf had a 14, 15, and 16 percent In­
crease, respectively, as row spacing decreased from 69 to 17 cm and the 
smallest increase was 7 percent for 72-23113. Coles and Elf were the 
highest yielding cultivars in 17 cm rows. Conclusions from this study 
agree with the generally accepted concept that earlier maturing culti­
vars respond more to narrow rows than do later cultivars, since Coles 
and A73D22 gave excellent yield increases as row width was decreased. 
However, Elf had a slightly larger yield response than did Coles or 
A73D22, and is of the same maturity as Williams. This is In agreement 
with the concept that the short statured determinates respond more 
favorably to narrow rows to give high yields. A possible reason why 
SD77 did not respond as well as Elf could be due to the increased lodg­
ing in the 17 cm row spacing. 
The yield per plant wss net altered as row width changed (Table 1)= 
The calculated yield per plant, which was obtained by dividing yield 
(per ha) by the harvest plant population in the three row spacings re­
sulted in a slight decrease as distance between rows was reduced. The 
calculated yield per plant for the 69, 34 and 17 cm row spacings were 
5.5, 5.5, and 5.4 g per plant and the harvest populations (averaged over 
2 
cultivars and populations) were 51, 59 and 61 plants per m , respectively. 
This approximately two-fold difference between the calculated and the 
actual yield per plant indicates some bias by selecting only normal 
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plants. Many researchers have reported yield (per ha) increases due to 
decreased row spacings, but few describe to what the increases are 
attributed. The logical reason would be that the yield per plant in­
creases as row spacing decreases. However, Costa (1977) reported a re­
duction in the yield per plant as row spacing decreased, but a yield 
(per ha) increase. These data indicate the yield per plant remained un­
changed, although there was a nonsignificant reduction as row spacing 
decreased. In addition, the slight reduction in the calculated yield 
per plant supports the work by Costa (1977). Several researchers have 
reported that the seeding rate or planted population, within limits, had 
no affect on yield (per ha) (Hinson and Hanson, 1967; Costa, 1977; 
Lueschen and Hicks, 1977), Therefore, this evidence suggests that the 
harvest plant population must be of significant importance to the yield 
response to narrow row spacings. As indicated previously, the intra-row 
competition within the wide row spacing resulted in a higher stand loss 
than in narrower row widths. This stand loss in the wide row spacing 
reduced the plant population to a level that did not affect the yield 
(per ha). The influence of population on yield per plant is shown in 
Table 1. The lowest population, PI, had the highest yield per plant, 
followed by P2 and P3. There was a decrease in yield per plant as popu­
lation increased, but the largest decrease occurred as population In­
creased from PI to P2 (34 percent reduction). There were cultivar x 
row spacing and cultivar x population interactions for yield per plant 
(Tables 3 and 4). Coles had a reduction in the yield per plant as row 
width decreased at each level (Table 3). Williams only differed between 
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the 69 and 17 cm row spaclngs. The semldetermlnates and Elf had no sig­
nificant reduction as row spacing decreased. SD77 had a significant re­
duction as row width was narrowed from 69 to 34 cm. The effect of popu­
lation on the yield per plant of each cultivar was more apparent than 
the effect of row spacing (Table 4). All cultivars had the highest 
yield per plant at PI and had a reduction in yield per plant as popula­
tion increased. The greatest reduction occurred as population increased 
from PI to P2. The determinates were less affected than the semldeter­
mlnates as population increased. 
Changing the row spacing from 69 to 34 cm significantly reduced the 
number of pods per node (Table 1). Population affected the number of 
pods per node at each level (Table 1). The lowest population had the 
greatest number of pods per node, but one pod per node was lost as popu­
lation increased from PI to P3. There were cultivar x row spacing and 
cultivar x population Interactions for the number of pods per node 
(Tables 3 and 4). The pods per node decreased for all cultivars, 
except 72-23113. as row spacing decreased from 69 to 34 cm (Table 3). 
Coles had a reduction in pods per node at each row spacing. 72-23113 
had a difference in pods per node only between the 69 and 17 cm row 
spaclngs. The determinates had more pods per node at the 17 cm row 
width than the other growth types had at the 69 cm spacing. But the 
determinates had the largest reduction in pods per node as row spacing 
decreased. The determinates also had the largest reduction in pods per 
node as population increased (Table 4). Even with this reduction, the 
determinates had more pods per node at all populations than did the 
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other cultivars; however, the difference between SD77 at P3 and A73D22 
at PI was not significant. The greatest reduction for all cultivars 
occurred as population increased from PI to P2. 
The number of seeds per pod significantly increased as row spacing 
decreased from 69 to 34 cm (Table 1). When the population increased, 
there was a decrease in seeds per pod at each level (Table 1). The low­
est population had the most seeds per pod. The number of seeds per pod 
decreased for all cultivars, except Coles and SD77, as population in­
creased (Table 4). Coles and SD77 only differed between PI and P3. 
SD77 had fewer seeds per pod, while 72-23113 had more seeds per pod than 
the other cultivars. There was a tendency for the cultivars with fewer 
seeds per pod to be more stable when population Increased. 
The weight per seed was not affected by either row spacing or popu­
lation (Table 1). 
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SUMMARY 
Several soybean morphological and yield characteristics are affected 
as cultural practices are altered. The height of plants at R1 and num­
ber of nodes at R1 increased as row spacing decreased. The plant height 
at R8, lodging at R8, height of the lowest pod and number of nodes at R8 
increased as the distance between rows decreased. However, there was no 
significant difference between the 34 and the 17 cm row spacing for any 
of the listed parameters. The number of pods per plant and percent stand 
loss decreased as row spacing decreased. The number of branches per 
plant decreased as row spacing decreased from 69 to 34 cm. The yield 
(per ha) increased as row spacing decreased. The yield per plant was 
not affected as row width decreased. Therefore, the increased yield 
(per ha) was attributed to the greater plant survival in the narrower 
row spacings. There was a decrease in the number of pods per node as 
row spacing decreased from 69 to 34 cm. There was also a significant in­
crease in the number of seeds per pod as distance between rows decreased 
from 69 to 34 cm. The weight per seed was not affected by altering the 
row spacing. 
Altering the population also caused certain plant characteristics 
to be affected. The plant height at Rl, plant height at R8, lodging at 
R8, and the height of the lowest pod Increased as plant population was 
2 2 
Increased from 33 plants per m (PI) to 93 plants per m (P3). The 
largest Increase occurred as the population Increased from 33 plants per 
2 2 
m to 63 plants per m (P2). The percent stand loss also increased as 
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2 population Increased but was nonsignificant from 33 plants per m to 63 
2 plants per m . Other plant characteristics, such as the number of nodes 
at Rl, number of nodes at R8, number of branches per plant, and the num­
ber of pods per plant decreased as the population increased. The yield 
2 (per ha) was reduced as population increased from 63 plants per m to 93 
2 plants per m . The yield per plant was reduced by 46 percent as popula­
tion Increased from PI to P3. Increasing the population also caused a 
reduction in the number of pods per node and the number of seeds per pod. 
The weight per seed was not affected by changes in population. 
The indeterminate cultlvars had a greater increase in plant height 
at R8 as row spacing decreased compared to the semldeterminate and 
determinate cultlvars. All cultlvars Increased in plant height as row 
spacing was reduced from 69 to 34 cm, but only Coles and SD77 were 
taller at 17 cm compared to 34 cm row spacing. The lodging at R8 was 
greatest for Coles as row width decreased. 
The determinates had more branches per plant than did the other 
growth types. The number of branches per plant decreased for all Bêfai-
detèrminate and indeterminate cultlvars as row spacing decreased from 
69 to 34 cm. The semldetermlnates and determinates had no greater yield 
(per ha) response than the indeterminates to narrow rows. The cultl­
vars Elf and Coles had the highest yield and responded the most as row 
spacing decreased. 
There was no difference among growth types as to the reduction In 
the numbers of pods per node as row spacing decreased. The determinates 
had more pods per node at all row spâcings compared to the other growth 
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types. 
The determinates had a greater Increase in plant height at R8 as 
population increased than the s emide terminate s and Indeterminates. The 
plant height at R8 for the indeterminates remained more stable as popula­
tion increased. Conversely, the indeterminates had a greater reduction 
than the determinates in the number of nodes at R8 as population in­
creased. The determinates lodged less than the semideterminates and 
indeterminates as population increased due to the significantly shorter 
plants. 
The number of branches per determinate plant decreased to a greater 
extent as population increased. The determinates had more branches per 
plant at the highest population than the indeterminates had at the lowest 
population. 
The number of pods per plant had the largest reduction as population 
2 increased from 33 to 63 plants per m for all growth types. The same re­
sults occurred for the number of pods per node. However, the determinates 
hsd sere pods per node than did the other growth types. The determinates 
tended to have fewer seeds per pod than either the indeterminates or the 
semideterminates and were affected to a lesser extent than the cultivars 
with more seeds per pod as population increased. 
Those soybean producers that have excellent weed control may realize 
significant yield increases by utilizing narrow row spacings. The plant­
ing rates in the wider row spacings don't have to be monitored as 
closely, except from the economic standpoint, as they do in the narrow 
rows. The intra-row competition is much greater in wider row spacings 
40 
which results in a higher plant mortality if population is too high 
for the environment. However, the more equidistant plant spacings that 
result from narrow row widths allow more plants to survive and this 
higher survival rate must be considered when determining the optimum 
planting rate. In environments where severe lodging occurs, the shorter 
semideterminates and determinates may become more important for high 
yields in narrow row spacings. 
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PAPER 2. THE EFFECT OF PLANTING DATE AND PLANT POPULATION ON 
YIELD CHARACTERS OF INDETERMINATE, SEMIDETERMINATE AND 
DETERMINATE SOYBEAN GROWTH TYPES 
44 
INTRODUCTION 
Planting date has been suggested to be the single most important 
factor to soybean production (Cartter, 1958). The effects of planting 
date on yield and other plant characters are not always clear. A pos­
sible explanation for this is that soybeans of the southern U.S. growing 
regions are often affected differently by cultural practices than are 
the soybeans of the northern U.S. regions. 
In general, as planting is delayed in the spring, the number of days 
required for emergence (Buhr, 1971) and flowering are reduced consider­
ably (Garner and Allard, 1920). The length of the flowering period was 
shortened as planting was delayed (Johnson et al., 1960; Leffel, 1961). 
A reduction in the number of days from beginning pod to maturity, as well 
as days from planting to maturity, has been reported when planting was 
delayed from late April to late May (Buhr, 1971). Cartter (1958) indi= 
cated that within a given environment, maturity date of later cultivars 
was affected less by planting date than earlier maturing cultivars. 
Plant height, lodging and height of the lowest pod are affected by 
planting date. Maximum plant height was attained by mid-May to early 
June plantings (Leffel, 1961; Smith et al., 1961; Buhr, 1971). However, 
Osier and Cartter (1954) found shorter plants and increased lodging as 
planting was delayed. Hartwig (1954) also noted a reduction in plant 
height and height of the lowest pod as planting was delayed, Buhr (1971) 
reported an Increase in height of the lowest pod as planting was delayed 
from late April to late May. 
Several researchers have reported high yields associated with early 
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planting and yield decreases with late plantings (Dimmock and Warren, 
1953; Leffel, 1961; Nelson and Roberts, 1962). Carter (1974) reported 
largest yields were associated with the greatest number of nodes. 
Cultivars with the indeterminate growth type characteristically 
have few pods and small leaves at the upper nodes and gain approximately 
twice the number of nodes and plant height after flowering has been 
initiated. The semideterminate growth types have a terminal raceme 
with several pods attached and are vegetatively similar to the indeter­
minate types (Bernard, 1972). The determinate growth types have a 
raceme like the semideterminates, but upon initiation of flowering 
gain very little height and number of nodes throughout the rest of the 
growing season. Several researchers have indicated that semideterminate 
soybeans are shorter and lodge less than indeterminate types (Bernard, 
1972; Green et al., 1977). Cooper (1980) reported that determinates 
lodge less and are suited for use in narrow row widths in high produc­
tive environments. 
The purpose of the study was to determine the effects of planting 
date and plant population on the morphological characters and yield com­
ponents of soybean cultivars which have Indeterminate, semideterminate 
and determinate growth habits. 
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MATERIALS AND METHODS 
Field studies were conducted on the Iowa State University Agronomy 
and Agricultural Engineering Research Center near Boone during 1978 and 
1979. The soils were Nicollet (Aquic Hapludolls)-Webster (Typic 
Haplaquolls) loam for the 1978 test and Canisteo-Webster (Typic 
Haplaquolls) silty loam in 1979. Both study areas followed a com-oats-
soybean rotation and received 0+89+89 fertilizer the fall prior to 
planting. The areas were fall chiseled and worked with a field culti­
vator in the spring. The 1978 site received herbicide treatments of 
alachlor at the rate of 3.36 kg/ha and chloropropham at the rate of 1.68 
kg/ha. The 1979 site received trifluralin at the rate of 1.12 kg/ha. 
The treatments consisted of three planting dates approximately three 
weeks apart, four cultivars and three plant populations. The cultivars 
were Coles (public cultivar), an indeterminate; A73D28 (Iowa State Uni­
versity Experimental line) and 72-23113 (Soybean Research Foundation 
Experimental line), both semideterminates ; and SD77 (private), a deter-
2 
minate. The plant populations were 33, 63, and 93 plants per m , to be 
called PI, P2, P3, respectively. The row spacing was 34 cm. 
In both years, a split plot design was used with planting date be­
ing the main plot. Cultivars and populations were randomized within 
planting dates. All treatment combinations were replicated three times. 
Replications were nested within planting dates. The planting dates were 
25 May, 19 June and 11 July 1978 and 21 May, 11 June and 2 July 1979. 
The first killing frost in the fall oeeurred on 8 October 1978 and 5 
October 1979. The first planting date was cultivated on 10 June 1978 
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and 5 June 1979. The second planting date received no cultivation dur­
ing 1978 but was cultivated 10 July 1979. The third planting dates for 
both years received no cultivation. However, all plots were hand weeded 
when necessary. Symptoms of Iron chlorosis became apparent In the second 
planting date (1979) and plots were treated with Sequestrone 138 Fe at 
the rate of 1.68 kg/ha on 14 July 1979. 
All plots were 1.71 x 6.09 m and planted with a plot planter. Prior 
to harvest, all plots were end trimmed to 4.57 m. Plots were harvested 
with a plot combine. Three rows were harvested for yield. Yield samples 
were placed In cloth bags and allowed to dry at 43 C for 48 hours. The 
weights were adjusted to 13.5 percent moisture. The weight per 100 seeds 
was obtained from the yield samples. 
Measurements that were obtained during the growing season were emer­
gence stand counts, days from planting to R1 (FDATE) (Fehr and Cavlness, 
1977), the number of days from planting to R8 (MAT), plant height at R1 
(RIHT—the height was measured from the soil surface to uppermost node 
with a fully expanded leaf), number cf nodes at 5.1 (PJ.NODE) (the nodes 
were counted from the unlfollolate node upwards to the uppermost node with 
a fully expanded leaf), plant height at R5 (R5HT), number of nodes at R5 
(R5N0DE) and plant lodging at R5 (R5LDG—taken only during 1979). At 
R8, harvest stand counts were made and plant lodging scores (R8LDG) were 
visually estimated with a score of 1 indicating that all plants were up­
right, 3 representing average plants were lodged at a 45° angle and 5 in­
dicating that all plants were flat on the ground. Ten plants were removed 
from the harvest rows of each plot and allowed to dry. Measurements 
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obtained from the ten plants were plant height at R8 (R8HT), number of 
nodes at R8 (R8N0DE), height of the lowest pod (LPOD), number of branches 
per plant (BR), number of pods per plant (TP), yield per plant, number 
of pods per node, and seed weight per node. Stand loss was calculated 
by (1 - eSnce'sSnd'c^L> ^  lO*' average internode length was 
determined by • The weight per seed was obtained by 
weight per^lOO seeds ^ number of seeds per pod was determined by 
yield per planty^^^^^^^ per seed. Since the ten plants were obtained 
from the harvestable area, the seed weight from the plants was added to 
the yield samples to obtain the final yield per plot. 
The first date of planting was harvested 17 October 1978 and the 
second and third planting dates were harvested 30 October 1978. The 
first and second planting dates were harvested 18 October 1979 and the 
third planting date was harvested 27 October 1979. 
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RESULTS AND DISCUSSION 
As planting date was delayed from the first to the second date, the 
number of days from planting to R1 (FDATE) decreased (Table 1). The same 
trend occurred for the number of days from planting to R8 (MAT) but none 
of the cultivars reached R8 before frost in the third planting date. This 
agrees with earlier reports (Buhr, 1971; Garner and Allard, 1920) that 
planting date affects flowering and maturity. Altering the population 
had no affect on either FDATE or MAT (Table 1). There was a cultivar x 
planting date interaction for both FDATE and MAT since the cultivars are 
in different maturity groups (Table 2). Coles and A73D28 had a reduction 
of 5 and 6 days, respectively, in FDATE by delaying the planting date 
from the first to the second date, but from the second to the third plant­
ing date there was only a 3 day reduction in FDATE for each of these. 
However, 72-23113 and SD77 had a reduction of 7 and 8 days from the first 
two planting dates and an 8 and 5 day reduction in FDATE between the 
second and third planting dates, respectively. The major difference in 
MAT between the cultivars was that 72-23113 and SD77 did not reach R8 
before frost in both the second and third planting dates; however, they 
had reached R7 and R6 at the respective planting dates, whereas Coles 
and A73D28 had a reduction of about 10 days in MAT from the first to the 
second planting date and only on the third planting date did they not 
reach Ro before frost» On she third data thay had reached R?. 
The plant height at R1 (RlHT) was not affected significantly by de­
laying the planting date (Table 1). There was about a 7 cm reduction in 
RlHT as planting was delayed from the first to the second date. The 
Table 1. Tliie means of plant characters for planting dates and populations averaged over cultivars 
and years 
Plant characters 
Lodging 
at 
R8 
Planting date 
1 49 125^ 48.27 9.47 103.18 15.37 3.37 106.19 16.20 6.66 3.07 
2 42 108° 41.66 8.45 95.78 13.80 3.22 95.32 14.60 6.61 2.83 
3 38 41.19 7.85 85.80 11.92 3.13 86.94 12.74 6.87 2.87 
LSD (.05) 5 — ns^ 0.94 9.23 1.27 0.10 11.46 1.03 ns ns 
Population 
(plants per ra ) 
33 43 119 37.89 9.29 87.75 15.08 2.19 89.00 15.78 5.65 2.17 
63 43 120 44.93 8.49 96.86 13.53 3.39 98.49 14.37 6.90 3.05 
93 43 120 48.31 8.00 100.16 12.49 4.14 100.97 13.39 7.59 3.57 
LSD (.05) ns ns 0.74 0.52 3.47 1.00 0.14 2.54 1.45 0.32 0.19 
lodging at R5 taken only during 1979 season. 
^Associated with only two cultivars. 
= frost occurred before all cultivars reached R8. 
^Nonsignificant at 0.05 level. 
_ ^ Height No. of Height No. of Height No. of Inter-
Variables at nodes at nodes ° S ng nodes node 
J? ° R1 at R5 at ^ a R8 at length 
^ (cm) R1 (cm) R5 (cm) R8 (cm) 
Table 1. (Continued) 
Plant characters 
Height of No. of No. of 
Stand 
loss 
C%) 
Yield No. of No. of Weight 
lowest branches pods Yield per pods seeds per 
pod per per (q/ha) plant per per seed 
(cm) plant plant (g) node pod (g) 
17.53 
15.25 
14.79 
ns 
1.64 
1.34 
1.43 
ns 
36.43 
30.07 
26.71 
ns 
4.74 
9.50 
7.80 
ns 
39.45 
34.52 
24.89 
5.56 
12.75 
11.19 
7.55 
ns 
2.26 
2.07 
2.11 
ns 
2.339 
2.391 
2.340 
ns 
0.161 
0.163 
0.126 
0.021 
10.11 
17.84 
19.71 
1.11 
2.47 
1.04 
0.90 
0.44 
44.27 
26.68 
22.26 
12.51 
4.02 
8.27 
9.73 
ns 
32.67 
33.18 
33.02 
ns 
14.85 
9.33 
7.32 
4.15 
2.87 
1.88 
1.68 
0.55 
2.347 
2.349 
2.274 
0.046 
0.146 
0.153 
0.152 
ns 
Table 2. Means of plant characters» for the significant cultivar by planting date interactions 
Plant characters 
Days to R1 Days to R8 No. of nodes at R1 No. of nodes at R5 
Cultivar 
Planting date Planting date Planting date Planting date 
1 2 3 1 2 3 1  2  3  1  2  3  
Coles 41 36 33 118 108 F^ 7.23 6.72 6.51 14.50 13.31 11.48 
A73028 44 38 35 117 108 F 7.77 7.01 6.86 14.12 12.74 10.94 
72-23113 53 46 38 134 F F 10.22 9.48 7.86 18.02 12.57 13.20 
SD77 5.8 50 45 133 F F 12.62 10.60 10.18 14.82 13.58 12.08 
LSD (.05) 5 — 0.89 0.56 
*Frost occurred before R8. Second planting date - 114 days from planting to frost. Third 
planting date - 92 days from planting to frost. 
Table 2. (Continued) 
Plant characters 
No. of branches per plant No. of pods per plant Yield (q/ha) 
Planting date Planting date Planting date 
1 2 3 1 2 3 1 2 3  
1.33 0.55 1.08 33.26 25.86 23.98 42.26 36.08 26.64 
0.81 0). 72 0.91 33.51 27.04 23.76 40.87 35.49 27.07 
0.37 0.48 0.45 23.12 26.00 23.38 35.48 31.90 23.56 
4.03 3.61 3.29 50.85 41.40 35.71 39.11 34.62 22.30 
0.20 2.66 1.64 
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effect of Increased population on RIHT was more apparent than the effect 
on date of planting (Table 1). As population increased, RlHT increased. 
The number of nodes per plant at R1 (RINODE) decreased as planting 
was delayed, but there was no difference between the second and third 
planting date (Table 1). Increasing population from PI to P2 also de­
creased RINODE (Table 1). There was a cultivar x planting date interac­
tion for RINODE (Table 2). The cultivar Coles was not significantly 
affected as planting was delayed. The other cultivars had a reduction 
in the number of nodes at R1 as planting was delayed from the first to 
the third date, but only SD77 had a reduction in RINODE from the first 
to the second date. Coles and A73D28 had a reduction in RINODE as popu­
lation increased from PI to P2 (Table 3). The cultivars 72-23113 and 
SD77 which had more RINODE had significant reductions in RINODE for 
each increase in population. 
The plant height at R5 (R5HT) was tallest at the first planting date 
and decreased as planting was delayed; however, there was no significant 
difference in R5HT between the first and second planting dates (Table 1). 
Increased population from PI to P2 resulted in an increase in R5HT. 
The plants of the first planting date had a greater number of nodes 
at R5 (R5N0DE) than did the other dates and each delay in planting re­
duced the number of nodes (Table 1). The lowest population had the most 
R5N0DE (Table 1) and the node number decreased as population increased. 
As planting date was delayed within any population, there was a decrease 
in R5N0DE (Table 4). The same trend was true as population Increased 
for any given planting date. The RSNOPE for the first planting date had 
Table 3. The means of plant characters for the significant cultlvar by 
population Interactions 
Plant characters 
Cultlvar 
No. of nodes at R1 
Population 2 
(plants per m ) 
33 63 93 
No. of nodes at R5 
Population 2 
(plants per m ) 
33 63 93 
Coles 7. 33 6. 71 6. 42 14. 70 12. 85 11. 75 
A73D28 7. 77 7. 08 6. ,78 14. 06 12. 45 11. 30 
72-23113 10. 03 9. 16 8. 37 17. ,48 15. ,35 13. ,96 
SD77 12. 01 11. 00 10. ,43 14. 07 13. 47 12. 95 
LSD (.05) 0. 31 0, .42 
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Plant characters 
Plant height at R8 (cm) 
Population _ 
(plants per m ) 
Height of lowest pod 
No. of nodes at R8 (cm) (cm) 
Population 
(plants per m^) 
Population 
(plants per m^) 
33 63 93 33 63 93 33 63 93 
107.83 112.06 109.25 17.05 14.13 12.96 8.20 15.70 16.42 
88.27 100.15 99.83 14.75 13.68 12.25 9.17 17.28 17.97 
88.69 97.45 103.89 17.80 16.48 15.32 13.61 22.95 27.36 
71.20 84.28 90.91 13.53 13.18 13.04 9.47 15.44 17.08 
4.96 0.69 1.48 
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Table 4. The means of plant characters for the significant planting 
date by population Interactions 
Plant characters 
Planting No. of nodes at R5 No. of nodes at R8 
date Population 
(plants per m 6 
Population ^ 
(plants per m ) 
33 63 93 33 63 93 
1 16.92 15.13 14.05 17.82 16.02 14.76 
2 15.31 13.56 12.53 15.91 14.38 13.52 
3 13.01 11.89 10.87 13.61 12.71 11.90 
LSD (.05) 0.31 0.48 
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a greater reduction than the other dates as population was increased. 
All cultivars had the greatest R5N0DE at the first planting date, but 
they responded differently as planting was delayed (Table 2). The 
cultivar 72-23113 had more nodes at R5 than the other cultivars for the 
first and third planting dates but also had the largest reduction as 
planting was delayed. The determinate, SD77, also had a reduction in 
R5N0DE, but it was not as great as for the other cultivars. The 
response of the cultivars to population is shown in Table 3. The 
largest reduction in R5N0DE was as population increased from PI to P2 
except SD77. SD77 was affected the least as population increased, while 
72-23113 was affected the most. 
There was a reduction in plant lodging at R5 (R5LDG) as planting was 
delayed from the first to the second date (Table 1). Increasing the pop­
ulation from PI to P3 caused an increase in R5LDG (Table 1). There were 
no cultivar x planting date or cultivar x population interactions for 
R5LDG. 
The plant height at R8 (R8HT) was tallest for the first date and 
decreased as planting was delayed (Table 1). The only significant dif­
ference in plant height occurred between the first and third dates, which 
was a trend similar to that at R5. There was very little difference in R5HT 
and R8HT, which indicates that the plants reached their maximum height 
by R5. The effect of population on plant height occurred prior to R5 
and remained relatively constant thereafter. The R8HT was shortest at 
the lowest population and increased as population increased from PI to 
P2. All cultivars, except Coles, had an increase in RBHT as population 
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Increased from PI to P2 (Table 3). The cultivar SD77 responded the 
most as population increased and the height increased for each popula­
tion level. This agrees with the report by Hicks et al. (1969) that 
determinates respond to population increases more than indeterminates. 
Cultivar 72-23113 also had an Increase in R8HT from P2 to P3, but the 
change was less than that observed between PI and P2. 
The number of nodes at R8 (R8N0DE) decreased as planting was delayed 
(Table 1). The first date had the greatest number of nodes and declined 
by about two nodes each time planting was delayed. Increasing the popu­
lation from PI to P3 also caused a reduction in R8N0DE (Table 1). All 
cultivars had the most nodes at the lowest population but SD77 had no 
significant reduction in R8N0DE as population Increased (Table 3). These 
results agree with Dominguez and Hume's (1978) report that the number of 
nodes in determinate cultivars remains stable across populations. Coles 
had the largest decrease in R8N0DE as population increased from PI to P2. 
The first planting date at the lowest population had the greatest number 
of nodes (Table 4). The first planting date within any population had 
the greatest number of nodes. The largest decrease in R8N0DE occurred as 
planting was delayed from the second to the third date within the lowest 
population. Within any planting date the greatest reduction in R8N0DE 
occurred as population increased from PI to P2, 
The internode length was not affected by planting date (Table 1). 
However, an Increase in the population caused an increase in internode 
length. There were no significant interactions for this character. 
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There was no significant difference In R8LDG as planting was delayed 
(Table 1). The lowest population had the lowest R8LD6 and lodging In­
creased as population increased. The largest increase occurred as popu­
lation increased from PI to P2. 
The height of the lowest pod (LPOD) was not significantly different 
for planting dates (Table 1). The LPOD increased as population increased 
with the largest increment occurring between PI and F2 (Table 1). The 
cultivar, 72-23113, had the largest Increase in LPOD as population in­
creased from PI to P2 and was significantly greater than the other culti-
vars at each population (Table 3). The other three cultivars had sim­
ilar LPOD within each population. 
The number of branches per plant (BR) was not affected by delayed 
planting (Table 1). The lowest population, PI, had significantly more 
branches than the other populations. For the two semideterminate culti­
vars BR was not affected as planting was delayed (Table 2). For SD77 
there was a decrease in BR at each level as planting was delayed. Coles 
also had a decrease in BR, but the second date had fewer BR than on the 
third date. 
There was no significant reduction In the number of pods per plant 
(TP) as planting was delayed, although there was a reduction of about 10 
pods (Table 1). As population increased from PI to P2, TP decreased. 
This agrees with reports (Hoggard et al., 1978; Domlnguez and Hume, 
1978) that the number of pods per plant decreased as population in­
creased. Although, there was no statistical difference in TP from P2 to 
P3 in this study. There was a cultivar x planting date interaction for 
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TP (Table 2). Delaying the planting date affected SD77 to a greater 
extent than the other cultivars; however, SD77 produced the most pods 
at each planting date. All cultivars, except 72-23113, had a reduction 
in TP as the planting date was delayed from the first to the second date 
of planting. Coles was the only cultivar which did not have a real de­
crease in TP between the second and third dates. 
The percent stand loss was not affected by either planting date or 
population (Table 1). 
The highest grain yield was produced by the first planting date and 
decreased as the planting date was delayed, but the first and second date 
yields were not significantly different (Table 1). Increasing the popu­
lation had no effect on yield (Table 1). All cultivars yielded the 
greatest at the first planting date and all had the greatest yield re­
duction as planting was delayed from the second to the third date 
(Table 2). 
Coles, although not significantly greater than A73D28, had a 
greater yield on the first planting date. But on the second date, only 
72-23113 had a significantly lower yield than the other cultivars. How­
ever, on the third planting date Coles and A73D28 yielded significantly 
more than did 72-23113 and SD77. Coles and SD77 were affected to a 
greater extent than A73D28 and 72-23113 when planting was delayed from 
the first to the third date. 
The yield per plant was not significantly altered as planting was 
delayed (Table 1). However, there was a reduction of five grams per 
plant from the first to the third planting date. The lowest population 
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had the greatest yield per plant (Table 1). Increasing the population 
reduced the yield per plant as the population increased from PI to F2. 
The number of pods per node was not affected by delayed planting 
(Table 1). This was possibly due to a reduction in both R8N0DE and TP 
as planting was delayed. The lowest population produced the greatest 
number of pods per node which was significantly more than either P2 or 
P3 (Table 1). 
The number of seeds per pod was not affected by planting date 
(Table 1). However, increasing the population from P2 to P3 reduced the 
seeds per pod. 
The weight per seed was reduced by delayed planting only at the 
third date (Table 1). None of the cultivars reached R8 before frost, 
which resulted in smaller, unfilled seeds. Increasing population had 
no affect in the weight per seed. There were no cultivar x planting 
date, cultivar x population, or planting date x population interactions 
for weight per seed. 
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SUMMARY 
A delay in planting from the first to the second date caused a re­
duction in the number of days from planting to flowering and maturity. 
The earlier cultivars. Coles and A73D28» flowered sooner than 72-23113 
and SD77 for the first and second planting dates. All cultivars re­
quired fewer days to flowering as planting was delayed. The greatest 
reduction in number of days from planting to flowering was for 72-23113 
and SD77. None of the cultivars reached maturity (R8) before frost at 
the last planting date. This is very important to soybean producers 
when they have to replant late in the growing season. The number of 
nodes at R1 declined from the first to the second planting date with no 
significant decrease from the second to the third date. The plant 
height at R5 and R8 decreased as planting was delayed from the first to 
the third date. Also, the number of nodes at R5 and R8 decreased as 
planting was delayed. Lodging at R5 decreased as planting was delayed 
from the first to the second date. At R8 there was no difference in 
lodging between the planting dates. The internode length, height of 
the lowest pod, number of branches and pods per plant, stand loss, 
yield per plant, pods per node and seeds per pod were not significantly 
affected by planting date. The grain yield (per ha) decreased with a 
delay in planting from the first to the third date. Since the stand 
loss was not significantly affected by planting date, the decrease in 
grain yield must be attributed to the decrease in yield per plant as 
planting was delayed. The weight per seed decreased as planting was 
delayed but was due to the fact that none of the cultivars reached 
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maturity before frost at the last planting date. 
The number of days from planting to flowering and maturity were 
not affected by population. Plant height at R1 Increased as population 
increased. The number of nodes at R1 decreased as population increased 
2 from 33 to 63 plants per m . The plant height at R5 and R8 increased as 
2 population increased from 33 to 63 plants per m with a nonsignificant 
2 increase from 63 to 93 plants per m . The number of nodes at R3 de­
creased as population increased. The number of nodes at R8 had a sig-
2 
nificant decrease from 33 to 93 plants per m . Plant lodging at R5 and 
R8, which was least at the lowest population, increased as population 
increased. The internode length and the height of the lowest pod also 
increased as population increased. The number of branches and pods per 
plant, yield per plant and the number of pods per node decreased as 
2 
population increased from 33 to 63 plants per m . The stand loss, grain 
yield (per ha) and weight per seed were not affected by altering popu­
lation. 
The number of days froni planting to flowering and maturity were 
affected the most in the later cultivars as planting was delayed. Also, 
the later cultivars had more nodes at R1 and had a larger reduction as 
planting was delayed. The cultivars with fewest nodes at R5 were 
affected the least by delayed planting. The determinate, SD77, had the 
greatest number of branches but also had the largest reduction as plant­
ing was delayed. All cultivars had a reduction in grain yield as plant­
ing was delayed, but the largest decrease in yield (per ha) occurred as 
planting was delayed from the second to the third date. Averaged over 
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the three planting dates, the two greatest yielding cultivars were 
Coles and A73D28 and the least was 72-23113. 
The later cultivars had the largest reduction in number of nodes 
at R1 as population increased. For all cultivars the number of nodes at 
R5 decreased as population increased. The same trend occurred at R8, 
except the number of nodes at R8 for SD77 remained stable across all 
populations. The plant height at R8 for Coles remained constant across 
the three populations, whereas the other cultivars, especially SD77, 
had a large increase in plant height as population increased from 33 to 
2 63 plants per m , The height of the lowest pod increased from 33 to 63 
2 
plants per m . This increase in the height of the lowest pod may re­
duce harvest losses since the lowest pod is well above the cutting bar 
of a combine. 
There was a planting date x population interaction for the number 
of nodes at R5 and R8. The greatest number of nodes at R5 and R8 
occurred at the first planting date and had the greatest reduction as 
population increased. The number of nodes at R8 at the third planting 
date was affected the least as population increased. 
Timeliness of planting is the single most important cultural 
practice, besides narrow row spacing, that influences final grain yield. 
In the northern U.S. soybean region early to mid-May plantings (on well-
drained soils) have given the greatest yields. If late planting is 
required due to adverse conditions, earlier cultivars are often used to 
insure maturity of the crop. But often yields are sacrificed when these 
earlier cultivars are used instead of full season cultivars. This 
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research Indicates that semldeterminates and determinates are affected 
by late planting as are the Indeterminate growth types. Therefore, 
selecting any cultlvar of these three growth types for late plantings 
would be adequate, with the stipulation that the cultlvar matured 
before frost and had a high yielding potential. 
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PAPER 3. INFLUENCE OF ROW SPACING AND PLANT POPULATION ON 
THE NODAL DISTRIBUTION OF PODS AND SEED YIELD OF 
INDETERMINATE, SEMIDETERMINATE AND DETERMINATE 
SOYBEAN GROWTH TYPES 
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INTRODUCTION 
Altering cultural practices has had remarkable effects on seed yield 
in soybeans. Many researchers have shown that decreased row widths in­
crease grain yield (Lehman and Lambert, 1960; Weber et al., 1966; Benson 
and Shroyer, 1978). Increased plant populations have given varied 
responses depending upon the environment (Probst, 1945; Johnson and 
Harris, 1967; Pandey and Torrle, 1973; Domlnguez and Hume, 1978), but 
most agree that Increased plant populations decrease the number of pods 
and seed yield per plant (Hinson and Hanson, 1967; Fontes and Ohlrogge, 
1972; Enyl, 1973). Several researchers have described the seed distribu­
tion on a sectional basis (Johnson and Pendleton, 1968; Weil and 
Ohlrogge, 1976; Domlnguez and Hume, 1978). Domlnguez and Hume (1978) re­
ported that increased plant densities reduced the proportion of seed 
produced by the bottom section of the plants. But the middle section, 
when the plants had been divided into thirds, contributed the most tù 
yield. This observation was consistent with reports by Johnson and 
Pendleton (1968) and Well and Ohlrogge (1976). Weil and Ohlrogge (1976) 
reported that the lower one-fifth section contributed about twice as 
much to yield as did the upper section. Johnson and Pendleton (1968) 
indicated that the botton one-third section yielded less than the upper 
section. For a determinate growth type, Domlnguez and Hume (1978) re­
ported that the top one-third of the plant contributed more than the 
bottom one-third. 
This study was undertaken to describe the pod and seed distribution 
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of indeterminate, semideterminate and determinate soybean growth types 
at several row spacing-plant population combinations. 
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MATERIALS AND METHODS 
Field studies were conducted at three locations in Iowa each year 
during 1978 and 1979. The locations were the Northeast Iowa Research 
Farm, Nashua; the Iowa State University Agronomy and Agricultural 
Engineering Research Center, Boone; and the Henninger Farm, Martlnsburg. 
The treatments consisted of three row spaclngs (69, 34 and 17 cm), 
2 
three plant populations (33, 63, 93 plants/m —to be called PI, P2, P3, 
respectively) and six cultlvars. The cultlvars Coles and Williams 
(public cultlvars) have an indeterminate (Dt^) growth type, Elf (public) 
and SD77 (private) are determinates (dt^), and A73D22 (Iowa State 
University Experimental line) and 72-23113 (Soybean Research Foundation 
Experimental line) are semideterminates (Dtg)• 
In both years, a split plot design was used. Row spaclngs were the 
main plots with cultlvars and populations randomized within row spaclngs. 
All treatment combinations were replicated three times. Each location 
and year combination was treated as a separate environment making a total 
of six environments in this study. Replications were nested within 
environments. The planted plots were 2.05 x 6.09 m in the 69 cm row 
spacing and 1.71 x 6.09 m in the 34 and 17 cm row spaclngs. Plots were 
mechanically planted with a plot planter. In 1978, the 17 cm spacing 
was obtained by doubling back through the plots with the plot planter. 
In 1979, a manually operated push planter was used to plant rows between 
rows already established with the plot planter. 
Prior to harvest, 10 plants were taken from the harvest rows of 
each plot. The plants were selected at random with the stipulation that 
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the terminal growing point was intact and no other abnormalities occurred. 
After the plants were allowed to dry, pods were picked and pooled from 
each node and counted. The pods from each node were hand threshed and the 
seeds were weighed on a gram scale. The values reported are the averages 
from each node of the two cultivars of each growth habit. Analysis of 
variance and Duncan's multiple range test were conducted on selected 
nodes. Logarithm transformations were made since there was heterogeneity 
of variance for the number of pods per node. The original means of the 
nodes analyzed are presented, but the Duncan's multiple range test 
associated with these means are from the transformations. The uppermost 
node was considered the number one node (Nl). The nodes were then 
counted downward. 
The plants were divided into the upper, middle and lower sections by 
dividing the average number of nodes at R8 of the 10 plants by three. 
Therefore, each section had the same number of nodes. 
Location ^  - Nashua : 
The study area was a Readlyn (Aquic Hapludolls)-Kenyon (Typic 
Hapludolls) loam complex. A corn-soybean rotation had been followed. 
The area was fall chiseled with spring disking and txifluralin incor­
porated at the rate of 0.84 kg/ha. The area was disked and trifluralin 
incorporated at the rate of 0.84 kg/ha. The area was disked and har­
rowed prior to planting. Planting dates were 22 May 1978 and 17 May 
1979. All plots, except the 17 cm row spacing, were cultivated on 27 
June 1978 and 19 and 26 June 1979, All plots were hand weeded when 
necessary. In 1979, due to a grass and broadleaf problem, bentazone 
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was applied at the rate of 1.12 kg/ha on 15 June 1979 and diclofop-
methyl at 1.96 kg/ha on 6 July 1979. 
Location 2 - Boone; 
The 1978 study area was a Nicollet (Aquic Hapludolls)-Webster (Typic 
Haplaquolls) loam complex. Alachlor was applied at 3.36 kg/ha and chlor-
opropham was applied at 1.69 kg/ha. The 1979 study area was a Canisteo-
Webster (Typic Haplaquolls) silty loam complex. Trifluralin was incor­
porated at the rate of 1.12 kg/ha. Both areas received N-P-K at the 
rate of 0+89+89 kg/ha the fall prior to planting. A corn-oats-soybean 
rotation had been followed. Both areas were fall chiseled and worked 
with a field cultivator in the spring. 
Planting dates for the two years were 25 May 1978 and 9 May 1979. 
No cultivation was required in 1978. In 1979, all plots, except the 17 
cm row spacing, received cultivation on 30 May and 5 June. All plots 
were hand weeded when necessary. Symptoms of iron chlorosis became 
apparent and all plots were treated with Sequestrone 138 Fe at the rate 
of 1.68 kg/ha on 6 and 11 June 1979. 
Location - Martinsburg; 
The study was conducted on a Taintor (Typic Argiaquolls) silty clay 
loam soil. A corn-soybean rotation had been followed. The area was fall 
plowed and disked twice in the spring. Trifluralin was incorporated at 
the rate of 1.12 kg/ha. Planting dates for the two years were 27 May 
1978 and 22 May 1979. All plots, except the 17 cm row spacing, received 
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cultivation on 14 June 1978 and 14 June 1979. All plots were hand 
weeded when necessary. 
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RESULTS AND DISCUSSION 
The effect of row spacing on the number of pods and seed yield per 
node at selected nodes, averaged over growth type and population, can 
be seen In Table 1. The uppermost node (Nl) and Nil were not affected 
by altering the row spacing. As Indicated by Duncan's multiple range 
test, there was a significant reduction in the number of pods and seed 
yield per node at N2 as row spacing decreased from 69 to 17 cm. There 
was a significant decrease in pods and seed yield per node at N5 between 
each row spacing. There was a decrease in the number of pods at N8 only 
between the 69 and 34 cm row width. There was no difference in seed 
yield at N8 as row spacing changed. 
The lowest population (PI) had the greatest number of pods and seed 
yield per node at each selected node (Table 1). In a previous paper (p. 
38), it was reported that a greater number of nodes and a higher yield per 
plant occurred at lower populations. The greater number of pods and seed 
yield per node would account for the increased yield per plant. There was a 
reduction in the number of pods and seed yield at each selected node as 
population increased from PI to P3. 
The growth habits differed in the number of pods and seed yield at 
each selected node (Table 1). To obtain similar yields per plant, this 
would be expected since the growth habits had a different number of 
total nodes on the main stem. The average number of nodes at R8 for the 
indeterminate, semldetermlnate and determinate growth types were 16.8, 
15.7, and 12;5* respectively. The semldetermlnate and determinate growth 
habits had a greater number of pods and seed yield at Nl than did the 
Table 1. The mean number of pods and seed yield at selected nodes as affected by row spacing, 
population, and growth tjApe 
Node 1^ Node 2 Node 5 Node 8 Node 11 Plant totals^ 
Variable No. Seed No.. Seed No. Seed No. Seed No. Seed No. Seed 
of yield of yield of yield of yield of yield of yield 
pods CK) pods (R) pods (g) pods (B) pods (8) pods (K) 
Row space (cm) 
69 3.25 1.13 1.7i[)a^ 0.60a 2.93a 1.03a 3.02a 1.01 2.07 0.67 33.52 11.46 
34 3.21 1.09 1.6 3ab 0.56b 2.77b 0.96b 2.63b 0.93 1.94 0.67 31.55 10.98 
17 3.11 1.04 1.55b 0.53b 2.68c 0.92c 2.70b 0.94 1.87 0.56 30.86 10.67 
ns^ ns ns ns ns 
Population 
(plants per m ) 
33 3.%a 1.40a 1.84a 0.66a 3.25a 1.16a 3.32a 1.18a 2.94a 1.02a 42.01 14.83 
63 3.04b 1.03b 1.58b 0.55b 2.74b 0.95b 2.65b 0.91b 1.63b 0.56b 29.05 10.04 
93 2.58c 0.83c 1.46c 0.48c 2.39c 0.81c 2.37c 0.78c 1.31c 0.42c 25.85 8.22 
Growth type 
Indeterminate 0.66c 0.18c 1.18b 0.37c 2.02c 0.80c 2.46b 1.08a 2.41a 0.99a 19.07 11.52 
Semi de te rminate 3.12b 1.09b 1.99a 0.73a 2.37b 0.94b 2.51b 0.99b 1.54b 0.54b 27.64 10.79 
Determinate 5.80a 1.99a 1.70a 0.59b 3.99a 1.17a 3.38a 0.80c 1.94b 0.47b 38.20 10.79 
^ode 1 is the uppermost node. 
^Duncan's Multiple Range Test is not available for plant totals. 
^Values within a node followed by the same letter do not differ (P < 0.05) according to 
Duncan's Multiple Range Test. 
"^onsig-nificant at the 0.05 level. 
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Indetermlnates. This would be expected since semldeterminates and de­
terminates have a terminal raceme with 5 to 12 pods attached. This Is 
In contrast to the Indeterminate types which have fewer pods at the 
upper nodes. The determinate growth type had more pods at N8 than did 
the other growth habits, but had a lower seed yield. This was possibly 
due to smaller or fewer seeds per pod. At Nil the indeterminate growth 
type had more pods and greater seed yield than did the other two growth 
habits. The reason for this was that Nil was approaching the lowest 
productive node in the semldetermlnate and determinate types. 
Domlnguez and Hume (1978) reported that the bottom third contributed 
more to yield than the upper third in Indetermlnates. 
There were growth type x row spacing interactions for number of pods 
at Nl and N8 and for seed yield at N8 (Table 2). At N1 the indeter­
minate growth type had more pods at the 69 cm row spacing than at the 
other two row spacings. There was no change in pods at Nl for the other 
two growth types as row spacing decreased. There was a significant reduc­
tion In the number of pods at N8 for the determinate growth type as row 
spacing decreased with the 34 cm row spacing producing the fewest number 
of pods. There was also a seed yield reduction at N8 for the determinate 
and indeterminate growth types as row spacing decreased, but the trends 
differed. The narrow rows produced less yield than the wide rows for 
the Indetermlnates, but for the determinates each row spacing was dif­
ferent, with the 34 cm row spacing producing the lowest seed yield. 
There were growth type x population interactions for the number of 
pods and seed yield at each of the selected nodes (Table 3). Increasing 
Table 2. Tliie mean number of pods and seed yield at selected nodes for the significant growth 
tyrpe by row spacing interactions 
Node 1' Node 8 Node 8 
Growth type Row space (cm) Row space (cm) Row space (cm) 
69 34 17 69 34 17 69 34 17 
Indeterminate 
Semideterminate 
Determinate 
No. of pods 
0.72c^ 0.62d 0.64d 
3.15b 3.19b 3.01b 
5.89a 5.82d 5.69a 
No. of pods 
2.56cd 2.47cd 2.35d 
2.58cd 2.52cd 2.42d 
3.92a 2.89c 3.32b 
———Seed yield (g)———-
1.11a l.lOab 1.04bc 
0.98cd l.OOcd 0.98cd 
0.93d 0.69f 0.80e 
^ode 1 is the uppermost node. 
^Values within a node followed by the same letter do not differ (P&0.05) according to 
Duncan's Multiple Range Test. 
Table 3. The mean number of pods and seed yield at selected nodes for 
the significant growth type by population interactions 
Node 1^ Node 2 
Population g Population g 
Growth type (plants per m ) (plants per m ) 
33 63 93 33 63 93 
Inde terminate 0. 718*' 0. 62h 0.63h 1.19e 1. 21e 1. 15e 
Semideterminate 4. 23d 2. 89e 2.25f 2.53a 1. 84b 1. 63d 
Determinate 6. 95a 5. 60b 4.86c l.SObc 1. 71c 1. 59d 
Indeterminate 0. 19 f 0. 17f O.lBf 0.38e 0. 38e 0. 36e 
Semideterminate 1. 53c 0. 99d 0.74e 0.95a 0. 67b 0. 57c 
Determinate 2. 46 a 1. 92b 1.59c 0.65b 0. 59c 0. 52d 
^Node 1 is the uppermost node. 
^Values within a node followed by the same letter do not differ 
(P50.05) according to Duncan's Multiple Range Test. 
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Node 5 
Population o 
(plants per m ) 
33 63 93 
2.25e 2.03f 1.77h 
3.00d 2.20e 1.92g 
4.50a 4.00b 3.48c 
0.89d 0.81e 0.70f 
1.22b 0.87d 0.73f 
1.37a 1.17b 0.98c 
Node 8 
Population ^ 
(plants per m ) 
33 63 93 
No. of pods 
2.90bc 2.39d 2.09e 
3.15b 2.43d 1.95e 
3.89a 3.14bc 3.09c 
Seed yield (g)— 
1.30a 1.06b 0.89c 
1.28a 0.94bc 0.73d 
0.96bc 0.72d 0.73d 
Node 11 
Population ^ 
(plants per m ) 
33 63 93 
3.08a 2.37bc 1.77d 
2.10cd 1.46e 1.06ef 
3.63a 1.07ef l.llf 
1.33a 0.95b 0.67dc 
0.75bc 0.51de 0.35ef 
0.96b 0.21f 0.23f 
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the population had no affect on seed yield at N1 in the indeterminate 
growth type but pod number was greater at PI than the higher popula­
tions. The greatest reduction in pod number and seed yield occurred as 
population increased from PI to P2 in the semideterminate and deter­
minate growth type. However, the amount of reduction from P2 to P3 for 
both pod number and seed yield was not the same for the semideterminate 
and determinate growth types which may have caused the interaction. At 
N2 the indeterminate type had no significant reduction in pod number or 
seed yield as population increased. The semideterminate and determinate 
growth types were sensitive to increased population but the semideter­
minate growth type had a greater decrease in pod number and seed yield 
at N2 as population increased from PI to P2 than did the determinate 
type. At N5 there was a significant reduction in number of pods and 
seed yield as population increased for the three growth types. However, 
the indeterminate and determinate types had the greatest reduction in the 
number of pods as population increased from P2 to P3. The largest reduc­
tion in. pod number for the sesiideterminate type at N5 occurred as popula­
tion increased from PI to P2. Similar results occurred for seed yield 
at N5, except there was very little difference in the rate of seed 
yield change from PI to P2 and P2 to P3. At N8 all growth types had 
their greatest reduction in pod number as population increased from PI 
to P2. The largest decrease in seed yield at N8 occurred as population 
increased from PI to P2 for the three growth types but the reductions 
were not at the same rate. There was a decrease in number of pods and 
seed yield at Nil as population increased for the three growth types. 
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The largest decrease, although not at the same rate for each growth 
type, occurred as population increased from PI to P2. As population 
increased from P2 to P3, the pod number and seed yield at Nil was not 
significantly reduced for the semideterminate and determinate growth 
types. 
By dividing the pod number and seed yield per plant into three sec­
tions, the effects of row spacing and plant population can be seen (Tables 
4 and 5). Row spacing did not affect the upper and middle section, while 
the lower section was affected (Table 4). The average number of pods and 
seed yield in the lower section decreased significantly only as row spac­
ing decreased from the 69 to the 34 cm row width. The number of pods and 
seed yield in the upper and middle sections decreased as population in­
creased at each level (Table 5). In the lower section the only signifi­
cant decrease in both pod number and seed yield occurred as population 
increased from PI to P2. The largest decrease in pod number and seed 
yield per plant for each section occurred as population increased from 
PI to P2. 
There were significant row spacing x population interaction for the 
number of pods and seed yield on the lower section of the plant (Table 
6). Although not at the same rate, the largest decrease in pod number 
of the lower section occurred as population increased from PI to P2 
within each row spacing. Within PI, the number of pods differed only be­
tween the 69 and 17 cm row spacings. But at P2 and P3, the 34 and 17 cm 
row spacings, although not different from each other, had significantly 
fewer pods than the 69 cm row width, thereby contributing to the 
83 
Table 4. The mean contribution of pod number and seed yield of the 
upper, middle, and lower sections of plants over growth types 
and populations 
Row space 
(cm) 
Plant sections 
Upper Middle Lower 
No. 
of 
pods 
Seed 
yield 
(g) 
No. 
of 
pods 
Seed 
yield 
(g) 
No. 
of 
pods 
Seed 
yield 
(g) 
69 11.84 4.31 14.15 4.97 7.53 2.18 
34 12.16 4.32 13.66 4.88 5.73 1.78 
17 11.71 4.11 13.76 4.88 5.39 1.68 
LSD (.05) ns ns ns ns 1.10 0.27 
Table 5. The mean contribution of pod number and seed yield of the 
upper, middle and lower sections of plants over growth types 
and row spaclngs 
Population 
(plantg 
per m^) 
Plant se étions 
Upper Middle Lower 
No. 
of 
pods 
Seed 
yield 
(g) 
No. 
of 
pods 
Seed 
vield 
'(g) 
No. 
of 
pods 
Seed 
yield 
(g) 
33 15.07 5.55 17.39 6.34 9.55 2.94 
63 11.31 4.01 13.29 4.69 4.45 1.34 
93 9.33 3.18 10.89 3.69 4.63 1.35 
LSD (.05) 0.77 0.30 0.95 0.34 1.59 0.45 
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Table 6. The mean number of pods and seed yield at the lower section of 
plants for the significant row spacing by population inter­
actions 
Lower plant section 
q / \ Population „ Population „ 
ow space (cm) (plants per m ) (plants per m ) 
33 63 93 33 63 93 
No, of pods Seed yield (g) 
69 10.20 6.43 5.91 3.05 1.85 1.65 
34 9.69 3.53 3.96 3.04 1.10 1.19 
17 8.71 3.38 4.07 2.74 1.08 1.21 
LSD (.05) 1.02 0.30 
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interaction. The largest seed yield of the lower section occurred at ^ 
PI for each row spacing. For each row spacing the largest decrease in 
seed yield, although not at the same rate, occurred as population in­
creased from PI to P2. Within PI, the seed yield of the 17 cm row width 
was significantly smaller than the other two row spacings. Whereas, 
within P2 and P3, the 34 and 17 cm row spacings were significantly less 
than the 69 cm row width. 
The determinate growth type in each of the three sections had sig­
nificantly more pods than did the other types (Table 7). The semideter-
minate type had more pods in the upper section than did the indeterminate 
type, but had fewer pods in the middle and lower sections. The semi-
determinate and determinate types, although not significantly different 
from each other, had a larger seed yield in the upper section than did 
the indeterminate type. In the middle section the indeterminate type 
had the largest seed yield followed by the semideterminate and determinate 
types. In the lower section, the indeterminate and determinate types were 
not significantly different but both had a greater seed yield than did 
the semideterminate type. 
The distribution of pods and seed yield of each node, averaged over 
row spacings, for the three growth types and plant populations is shown 
in Figures 1 through 6. The top section of indeterminate growth type 
plants was distinctly different from either the semideterminate and 
determinate types in that the indeterminate types had very few pods and 
seed yield at the uppermost nodes (Table 7). The upper section contrib­
uted only 30 and 28 percent to the total number of pods and seed yield 
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Table 7. The mean contribution of pod number and seed yield of the 
upper, middle and lower sections of indeterminate, semi-
determinate and determinate soybean growth types 
Plant sections 
Growth type 
Upper Middle Lower 
No. 
of 
pods 
Seed 
yield 
(g) 
No. 
of 
pods 
Seed 
yield 
(g) 
No. 
of 
pods 
Seed 
yielc 
(g) 
Indeterminate 8.76 3.22 14.03 6.03 6.28 2.27 
Semideterminate 12.75 4.84 11.80 4.56 4.09 1.39 
Determinate 14.19 4.68 15.74 4.13 8.27 1.98 
LSD (.05) 0.82 0.34 0.88 0.35 1.10 0.30 
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Figure 1. The mean nodal distribution of pods of Indeterminate soybean 
growth types at three populations over row spaclngs and 
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Figure 4. The mean nodal distribution of seed yield of semldetermlnate 
soybean growth types at three populations over row spaclngs 
and environments 
Population 
(plants per m ) 
L 1 _L 1 
Average Number 
of Nodes at R8 
12.89 
12.50 
12.18 
_L 
3 4 
NUMBER OF PODS 
VO 
Figure 5. The mean nodal distrlbultion of pods of determinate soybean growth types at three popula­
tions over row spaclngs and environments 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Yj 
«5% 
YXM 
vyj 
Population 
;%%%% 
(plants per m j 
1 _L 
Average Number 
of Nodes at R8 
12.89 
12.50 
12.18 
1 
0.5 1.0 1.5 
SEED YIELD (g) 
2 .0  2.5 
n nodal distribution of seed yield of determinate soybean growth types at 
opulations over row spacings and environments 
VD 
N 
93 
per plant, respectively. Weil and Ohlrogge (1976) attributed the low 
yield of the upper section of indeterminates to the formation of fewer 
seeds and to a shorter filling period since they found smaller seeds in 
that portion of the plant. Earlier reports indicated that the middle 
section of the plant contributes more to yield than other sections 
(Johnston and Pendleton, 1968; Well and Ohlrogge, 1976; Dominguez and 
Hume, 1978). Figures 1 and 2 and Table 7 show that for the indeter­
minate growth type the middle section (especially nodes 9, 10, and 11) 
contributed more to the total seed yield per plant than the upper or 
lower sections. This is supportive of the earlier reports. The lower 
section contributed 21 and 20 percent to the total number of pods and 
seed yield per plant, respectively. This supports Johnston and 
Pendleton's (1968) report that the lower section contributed less than 
the upper section of the plant to yield. 
The uppermost node (Nl) , averaged over row spacings, for the semi-
determinate growth type contributed approximately 10 percent of the total 
number of pods and seed yield per plant (Figs. 3 and 4). The second node 
from the top (N2) had fewer pods and seed yield than did the next six to 
seven nodes. By dividing the profiles into three sections, the contribu­
tion of pods and seed yield can be determined (Table 7). The upper sec­
tion of the semideterminate growth type contributed 45 percent to the 
total number of pods and seed yield per plant (Table 7). The middle 
section contributed 41 and 42 percent to the total pod number and seed 
yield per plant, respectively. 
The uppermost node (Nl), averaged over row spacings, for the 
94 
determinate growth type at the lowest population had approximately seven 
pods (Figs. 5 and 6). The number of pods and seed yield at N1 was 
greatly affected as population increased, but still contributed from 16 
to 22 percent to the seed yield per plant. The second node (N2) had 
considerably fewer pods and contributed only 4 to 6 percent to the yield 
per plant. Upon sectioning the plant Into thirds It can be seen, like 
the semldetermlnates, the lower section for all populations contributed 
the least to pod number and seed yield (Table 7). However, when the 
number of pods for the upper and middle sections were compared, the upper 
section (even with the large number of pods at Nl) contributed only 37 
percent to the total number of pods, while the middle section contained 
41 percent. Even though the upper section contributed fewer pods, it 
contributed 43 percent to the total yield per plant and the middle sec­
tion contributed 38 percent. The yield advantage of the upper section is 
probably due to increased seed size since no change in seeds per pod 
was visually noticeable. However, seed number per pod was not measured. 
There were signiflearit growth type % row spacing interactions for the 
number of pods on the middle and lower sections and for seed yield at each 
of the sections (Table 8). The number of pods for the middle section of 
the semidetermlnate type was not significantly altered as row spacing de­
creased, whereas the Indeterminate had a reduction in pod number as row 
width decreased from 34 to 17- The number of pods for the determinate 
growth type at the 34 cm row spacing was significantly less than the 69 
and 17 cm row widths. In the lower section again the semidetermlnate type 
was not affected as row spacing decreased. For the indeterminate type, the 
Table 8. The mean contribution of pod number and seed yield of the 
upper, middle and lower section of plants for the signifi­
cant growth type by row spacing Interactions 
Plant section 
Middle Lower 
Growth type 
Row space (cm) Row space (cm) 
69 34 17 69 34 17 
No. of pods No. of pods 
Indeterminate 14.07 14.39 13.64 7.72 5.72 5.41 
Semldetermlnate 11.94 11.88 11.59 4.55 3.94 3.78 
Determinate 16.44 14.72 16.05 10.32 7.52 6.98 
LSD (.05) 0.71 0.84 
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Plant section 
Upper Middle Lower 
Row space (cm) Row space (cm) Row space (cm) 
69 34 17 69 34 17 69 34 17 
---Seed yield (g)-— ---Seed yield (g) ---Seed yield (g) 
3.41 3.23 3.03 6.02 6.19 5.88 2.69 2.11 2.01 
4.84 5.04 4.65 4.56 4.61 4.50 1.46 1.37 1.32 
4.69 4.71 4.64 4.33 3.82 4.24 2.40 1.85 1.71 
0.15 0.23 0.23 
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number of pods at the 69 cm row spacing was greater than either the 34 
or 17 cm row widths. The number of pods for the determinate growth 
type at the 69 cm was greater than for the other row spaclngs. The seed 
yield for the semldetermlnate type Increased from the 69 to the 34 cm 
row width, but from the 34 to the 17 cm row spacing there was a signifi­
cant decrease In seed yield to a level below that of the 69 cm row width. 
The seed yield for the middle and lower sections for each of the growth 
types corresponds with results observed for the number of pods at the 
same sections. 
There were significant growth type x population Interactions for pod 
number and seed yield at each section of the plant (Table 9). The great­
est number of pods for each growth type in the upper section occurred at 
the lowest population. The largest decrease for each growth type 
occurred as population increased from PI to P2. The semldetermlnate type 
had the largest decrease of the growth types. There was also a signifi­
cant reduction in pod number from P2 to P3 for each growth type, but the 
rate of reduction was different for each growth type. In the middle 
section, like the upper section, the largest decrease in the number of 
pods for each growth type occurred as population increased from PI to 
P2, but in this section the indeterminate type had the largest decrease 
in pod number. There was a decrease in the number of pods for each 
growth type as population increased from P2 to P3, but each growth type 
decreased at different rates, which contributed to the interaction. In 
the lower section, each growth type had the greatest number of pods at 
the lowest population and each had chê lârgêêc réduction B.S population 
Table 9. The mean contribution of pod number and seed yield of the upper, middle and lower sections 
of plants for the significant growth type by population interactions 
Plant section 
Upper Middle Lower 
Growth t:yTe Population _ Population ^ Population ^ 
(plants per m ) (plants per m ) (plants per m ) 
33 63 93 33 63 93 33 63 93 
of pods 
Indeterminate 11.06 8.44 6.78 18.51 13.36 10.23 8.34 5.33 5.18 
Semldeterminate 17.54 11.57 9.14 15.13 11.35 8.93 6.41 3.00 2.88 
Determinate 16.60 13.90 12.07 18.53 15.16 13.52 13.91 5.02 5.89 
LSD (.05) 0.64 0.92 0.89 
yxexQ vgy 
Indeterminate 4.15 3.10 2.42 8.13 5.74 4.24 3.08 1.93 1.79 
Semdideterminate 6.85 4.36 3.31 5.94 4.38 3.35 2.21 1.02 0.93 
Determinate 5.66 4.57 3.81 4.95 3.97 3.48 3.55 1.08 1.32 
LSD (.05) 0.94 0.37 0.23 
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increased from PI to P2. The growth types differed in the rate of pod 
reduction as population increased, but the determinate type had the 
largest reduction as population increased from PI to P2. The seed yield 
in the upper section for each growth type decreased as population in­
creased from PI to P2. Corresponding with the largest reduction in the 
number of pods, the reduction in seed yield was also greatest for the 
semideterminate growth type. Only the semideterminate type had a sig­
nificant seed yield reduction as population increased from P2 to P3. 
For the middle section, the indeterminate type had the largest reduction 
in seed yield of the growth type as population increased from PI to P2, 
which corresponds with the largest reduction in the number of pods. The 
rate of seed yield reduction was different for each growth type as popu­
lation increased at each level. In the lower section, the seed yield 
for the determinate type, like the pod number, decreased at a greater 
rate than did the other grcjwth types as population increased from PI to 
P2. The seed yield for the indeterminate and semideterminate growth 
types was not significantly altered as population increased from P2 to 
P3, whereas the determinate type had an increase in seed yield. 
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SUMMARY 
Soybean row spacing did not affect the number of pods and seed yield 
at N1 (the uppermost node) and Nil. However, there was a reduction In 
the number of pods and seed yield at N2 and N5 as row spacing decreased. 
There was a decrease In pods at N8 as row width decreased from 69 to 34 
cm, but there was no reduction in seed yield. When the plants were 
divided Into three sections, row spacing affected the number of pods 
and seed yield only in the lower section. Pod number and seed yield 
were reduced as row spacing decreased from 69 to 34 cm. 
The lowest population had the greatest number of pods and seed yield 
at each of the selected nodes. There was a significant reduction in both 
pod number and seed yield at each of the selected nodes as population in­
creased. Each section had the greatest number of pods and seed yield at 
the lowest population. The largest reduction in both pod number and 
2 
seed yield occurred as population increased from 33 to 63 plants per m . 
Only in the lower section was there not a significant reduction in pod 
number and seed yield as population Increased from 63 to 93 plants per 
m2. 
The semldetermlnate and determinate growth types had more pods and a 
greater seed yield at Nl, N2 and N5 than the Indeterminate type. The 
determinate growth type had a greater number of pods at N8 than either 
the samldeLerminate or indeterminate growth types, but had a ainaller 
seed yield. At Nil the Indeterminate growth type had more pods and a 
greater seed yield than the other types. In the upper section the de­
terminate growth type had more pods than the other types, but the seed 
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yield was the same as for the semldetermlnate type. The upper section 
contributed approximately 28, 45 and 43 percent to the seed yield of In­
determinate, semldetermlnate, and determinate growth types, respectively. 
In the middle section the determinate type again had more pods than the 
other types, but had the least seed yield. The contribution of the mid­
dle section to total seed yield was about 52 percent for the Indeterminate 
growth type and 42 and 38 percent for the semldetermlnate and determinate 
types, respectively. In the lower section the determinate growth type 
had more pods, but the Indeterminate had a greater seed yield. The lower 
section contributed about 20, 13, and 18 percent of the total yield for 
the indeterminate, semldetermlnate and determinate growth types, 
respectively. 
A basic understanding of the differing distribution of pods and seed 
yield among growth types may better enable soybean producers to analyze 
plants that have undergone various forms of stress. Growth types differ 
in the time that flowering is initiated. When flowering is initiated in 
determinate growth types, flowers will be positioned along the sain stem, 
whereas for indeterminate types, flowering begins low on the plant and 
moves upward. Therefore, the pods that develop at the uppermost nodes 
on indeterminate type plants are less developed and the seed smaller 
than a pod positioned lower on the stem. Pods on a determinate stem are 
more developmentally alike than on an indeterminate stem. This research 
has described the positioning of pods and seed yield of indeterminate, 
semldetermlnate and determinate soybeans with several cultural practices; 
therefore, when the different plant types undergo stresses, the effect of 
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stress may be distinguished from that of the cultural practices. More 
research Is needed In the area of stresses on different growth types 
and the localization of the stress on the stem. 
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PAPER 4. INFLUENCE OF PLANTING DATE AND POPULATION ON THE NODAL 
DISTRIBUTION OF PODS AND SEED YIELD OF INDETERMINATE, 
SEMIDETERMINATE AND DETERMINATE SOYBEAN GROWTH TYPES 
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INTRODUCTION 
Soybean seed yields are known to be affected by altering plant pop­
ulation and date of planting, but their affect on nodal distribution of 
yield Is not always described (Johnson and Harris, 1967; Pandey and 
Torrle, 1973; Dlnmock and Warren, 1953; Leffel, 1961). Several research­
ers have described the seed distribution on a sectional basis (Johnson 
and Pendleton, 1968; Well and Ohlrogge, 1976; Domlnguez and Hume, 1978). 
Most agree that the middle section of the plant contributes the most to 
seed yield. Johnson and Pendleton (1968) reported the bottom section of 
the plant, when divided Into thirds, contributed less to the total yield 
than the upper section. Well and Ohlrogge (1976) found that the lower 
one-fifth of the plant contributed about twice as much to yield as did 
the upper section. Domlnguez and Hume (1978) Indicated that the top 
third or determinate eultlvars contributed more than the bottom third. 
Domlnguez and Hume (1978) also reported that as the plant density in­
creased, the proportion of seed produced by the lower section of the 
plant was reduced. The influence of planting date on the distribution of 
pods and seed on plants has received very little attention. Carter (1974) 
reported a reduction in the number of pods, seed per pod and seed size 
of indeterminate eultlvars as planting was delayed. This reduction mainly 
occurred at the upper nodes. For determinate eultlvars, the reduction in 
pods par nods mainly occurred near the center of the plant with delayed 
planting (Carter, 1974). 
This study was undertaken to describe the pod and seed distribution 
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of indeterminate, semldeterminate and determinate soybean growth types 
at different planting date-plant population combinations. 
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MATERIALS AND METHODS 
Field studies were conducted on the Iowa State University Agronomy 
and Agricultural Engineering Research Center near Boone during 1978 and 
1979. The soils were Nicollet (Aquic Hapludolls)-Webster (Typic 
Haplaquolls) loam for the 1978 test and Canisteo-Webster (Typic 
Haplaquolls) silty loam in 1979. Both study areas followed a corn-oats-
soybean rotation and received 0+89+89 fertilizer the fall prior to 
planting. The areas were fall chiseled and worked with a field culti­
vator in the spring. The 1978 site received herbicide treatments of 
alachlor at the rate of 3.36 kg/ha and chloropropham at the rate of 1.68 
kg/ha. The 1979 site received trifluralin at the rate of 1.12 kg/ha. 
The treatments consisted of three planting dates approximately three 
weeks apart, four cultivars and three plant cultivations. The cultivars 
were Coles (public cultivar), an iadeterminace; A73D28 (Iowa State 
University Experimental line) and 72-23113 (Soybean Research Foundation 
Experimental line), both semideterminates; and SD77 (private), a deter-
2 
minate. The plant populations were 33, 63, and 93 plants per m , to 
be called PI, P2, P3, respectively. The row spacing was 34 cm. 
In both years, a split plot design was used with planting date being 
the main plot. Cultivars and populations were randomized within planting 
dates. All treatment combinations were replicated three times. Replica­
tions wars nested within planting dates. The planting dates were 25 May, 
19 June and 11 July 1978 and 21 May, 11 June and 2 July 1979. The first 
killing frost in the fall occurred on S October 1978 and 5 October 1979» 
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The first planting dates were cultivated on 10 June 1978 and 5 June 1979. 
The second planting dates received no cultivation during 1978 but were 
cultivated 10 July 1979. The third planting dates for both years re­
ceived no cultivation. However, all plots were hand weeded when neces­
sary. Symptoms of iron chlorosis became apparent in the second planting 
date (1979) and plots were treated with Sequestrone 138 Fe at the rate 
of 1.68 kg/ha on 14 July 1979. 
All plots were 1.71 x 6.09 m and planted with a plot planter. Prior 
to harvest, ten plants were taken from the harvest rows of each plot. The 
plants were selected at random with the stipulation that the terminal 
growing point was intact and no other visible abnormalities occurred. 
After the plants were allowed to dry, pods were picked and pooled from 
each node and counted. The pods from each node were hand threshed and 
the seeds were weighed on a gram scale . An analysis of variance and 
Duncan's multiple range test were conducted on selected nodes. Logarithm 
transformations were made since there was heterogeneity of variance for 
the number of pods per node. The original ûiëânS of the liCucB analyzed 
are presented, but the Duncan's multiple range test associated with these 
means is from the transformations. The uppermost node was considered the 
number one node (Nl). The nodes were then counted downward. 
The plants were divided into the upper, middle and lower sections 
by dividing the average number of nodes at R8 of the 10 plants by three. 
Therefore, each section had the same number of nodes. 
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RESULTS AND DISCUSSION 
The overall effect of planting date on selected nodes can be seen 
In Table 1. The number of pods at Nl, N5 and N8 was not affected by 
planting date. However, the number of pods at N2 was significantly re­
duced only at the last date. The number of pods at Nil decreased at each 
date as planting was delayed. The seed yield at N1 decreased at each 
date as planting was delayed. At N2 and N5 the seed yield was reduced 
only at the third date. 
Populations affected the number of pods and seed yield at each of 
the selected nodes (Table 1). The number of pods was greatest for each 
node at the lowest population (PI). The greatest reduction in pod number 
occurred as population increased from PI to P2 for all the nodes, which 
confirms our earlier reports (p. 76). However, there was no sig­
nificant reduction in pod number as population increased from P2 to P3. 
Like the number of pods, seed yield per node was greatest at PI. Only 
N1 had a significant reduction in seed yield at each level as population 
increased. There was a reduction at N2 and Nil as population increased 
from PI to P2. At N5 and N8 the significant reduction was from PI to P3. 
The cultivars differed in pod number and seed yield at the selected 
nodes (Table 1). At Nl, SD77 had more pods than did either Coles, 
A73D28, or 72-23113. However, at N2 the two semldetermlnates, A73D28 
and 72=23113, had mors pods. At N5 and No, SD?? had mora pods than did 
the other cultivars. Coles and SD77 had the most pods at Nil. SD77 had 
the greatest seed yield at Nl. At N2 the two semldetermlnates 
Table 1. The mean number of pods and seed yield at selected nodes as 
affected by planting dates, populations and cultivars 
Variables 
Node 1 Node 2 Node 5 
No. 
of 
pods 
Seed 
yield 
(g) 
No. 
of 
pods 
Seed 
yield 
(g) 
No. 
of 
pods 
Seed 
yield 
(g) 
Planting date 
1 3.12 1.01^ 1.77a* 0.63a* 2.79 1.01a 
2 2.70 0.89b 1.63a 0.59a 2.61 1.04a 
3 2.74 0.63c 1.46b 0.36b 2.72 0.76b 
ns^ ns 
Population ^ 
(plants per m ) 
33 3.94a 1.20a* 1.97a* 0.62a 3.38a 1.15a 
63 2.61b 0.78b 1.51b 0.50b 2.56ab 0.90ab 
93 2.02b 0.56c 1.38b 0.45b 2.18b 0.76b 
Cultiver 
Coles 0.85c* 0.19b* 1.28c* 0.38b* 2.01b 0.77c 
A7302S 2.70ab 0.86b l=83ab 0.64s 2,53b 0.98ab 
72-23113 2.42b 0.69b 1.95a 0.63a 2.32b 0.89bc 
SD77 5.45a 1.64a 1.43bc 0.44b 3.97a 1.11a 
^Duncan's Multiple Range Test is not available for plant totals. 
^Values within a node followed by the same letter do not differ 
(P ^ 0.05) according to Duncan's Multiple Range Test. 
^ns - Nonsignificant. 
^Significant at 0.10 level. 
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Node 8 Node 11 Plant total^ 
No. Seed No. Seed No. Seed 
of yield of yield of yield 
pods (8) pods (8) pods (g) 
3.14 1.14 2.67a 0.89 35.99 12.60 
3.02 1.16 1.61b 0.58 29.85 11.11 
2.68 0.82 1.18c 0.35 26.15 7.39 
ns ns ns 
3.62*a 1.27a 3.15a 1.04a 43.17 14.56 
2.81b 1.04ab 1.38b 0.48b 26.60 9.30 
2.40b 0.80b 0.95b 0.30b 22.23 7.30 
2.57b 1.14 1.97*a 0.84 27.00 10.66 
2.56b 1.05 1.40b 0.52 27.75 10.64 
2.15b 0.84 1.39b 0.48 25.60 9.14 
4.50a 1.08 2.54a 0.59 42.30 11.04 
ns ns 
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had the largest seed yield. At N5, SD77 and A73D28 had the greatest 
seed yield. There was no significant seed yield difference for the 
cultivars at N8 and Nil. 
There were cultivar x planting date interactions for the number of 
pods at N2 and seed yield for N1 and N2 (Table 2). The indeterminate 
cultivar, Coles and Â73D28 did not have a reduction in pod numbers as 
planting was delayed, whereas 72-23113 had a significant pod reduction 
from the second to the third planting date and SD77 had a reduction from 
the first to the second date. There was no reduction in seed yield at 
N1 for Coles as planting was delayed. The cultivar A73D28 had a sig­
nificant reduction in seed yield as planting was delayed at each date, 
while 72-23113 had a reduction only from the second to the third date. 
SD77 was the only cultivar that had a significant reduction in seed 
yield at each date as planting was delayed. Coles and A73D28 had a 
seed yield reduction at N2 as planting was delayed from the second to 
third date. The seed yield at the third date was significantly smaller 
for 72-231x3 than at the other dâuê. SB77 had a reduction in seed 
yield at N2 at each date. 
There were significant cultivar x population Interactions for number 
of pods at each node (Table 3). The same was true for seed yield at each 
node except at N8. The pod number at N1 for Coles remained constant as 
population increased (Table 3). This is compared with A73D28 and 
72-23113 which had a reduction in pod numbers as population increased 
from PI to P2. SD77. which had more pods than the other cultivars at 
each population, had a significant reduction from PI to P3. At N2 Coles 
Table 2. Tlie mean number of pods and seed yield at selected nodes of the significant cultivar 
bj planting date interactions 
Node 2 Node 1 Node 2 
Cultivar 
Planting date Planting date Planting date 
1 2 3 1 2 3 1 2 3 
— 
———No. of pods Seed yield (g) yield (g) 
Coles 1. 23de* 1.30de 1.31d 0.14g 0.26fg 0.17g 0. 37cde 0.49c 0.29de 
A73I)28 1. u 
1
 1,90abc 1.71bc 1.03cd 0.80e 0.74e 0. 73ab 0.71ab 0.47c 
72-23113 2. 03ab 2.07a 1.73bc 0.86de O.Sle 0.41f 0. 78a 0.72ab 0.39cde 
SB77 1. 93ab 1.27de l.lOe 2.03a 1.71b 1.18c 0. 63b 0.43cd 0.28e 
Values within a node followed by the same letter did not differ (P ^  0.05) according to 
Duncan's Maltiple Range Test. 
Table 3. The mean number of pods and seed yield at selected nodes of 
the significant cultlvar by population Interactions 
No. of pods 
Cultlvar Node 1* Node 2 
Population . Population _ 
(plants per m ) (plants per m ) 
33 63 93 33 63 93 
Coles 0. 98ef 0.72e 0. 85e 1.48cd 1.17e 1. 18e 
A73D28 4. 30bc 2.04d 1. 75d 2.30a 1.62bc 1. 57bc 
72-23113 3. 70c 2.13d 1. 42d 2.60a 1.80b 1. 44cd 
SD77 6. 76a 5.54ab 4. 04bc l.SOcd 1.46cd 1. 34de 
Seed yield (g) 
Node 1 Node 2* 
Cultlvar Population 2 Population « 
(plants per m ) (plants per m ) 
33 63 93 33 63 93 
Coles 0. 21f 0.18f 0. 18f 0.41de 0.37de 0. 37de 
A73D28 1. 38bc 0.62d 0-57de Q=?6a 0,58b 0. ,58b 
72-23113 1. 04c 0.64d 0. 40def 0.81a 0.61b 0. ,47cd 
SD77 2. 16a 1.69b 1. ,08c 0.52bc 0.44cde 0. 38de 
^ode 1 is the uppermost node, 
^Values within a node followed by the same letter did not differ 
(F 5 0.05) according to Duncan's Multiple Range Test. 
*Slgnlflcant at 0.10 level. 
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No. of pods 
Node 5* Node 8 Node 11* 
Population _ Population « Population „ 
(plants per m ) (plants per m ) (plants per m ) 
33 63 93 33 63 93 33 63 93 
2. 25d 1.95de 1.83ef 3.00cd 2.Side 2.21f 3. 14b 1.71d 1.06fg 
3. 16c 2.30d 2.12d ' 3.37c 2.37ef 1.94g 2. 43c 1.16efg 0.60g 
3. 03c 2.21d 1.73f 2.91d 2.10fg 1.45h 2. 08c 1.22efg 0.87g 
5. 09a 3.78b 3.05c 5.22a 4.26b 4.01b 4. 96a 1.41e 1.26ef 
Seed yield (g) 
Node 5 Node 11 
Population 2 Population _ 
(plants per m ) (plants per m ) 
33 63 93 33 63 93 
0. 80de 0.77de 0.75de 1.34a 0.72c 0. ,45de 
1. 18b 0.90cd G.SScde 0.87b 0.46d 0< ,23f 
1. ,13b 0.89cd 0.65e 0.71c 0.44de 0. ,28f 
1. 48a l.OSbc 0.80de 1.24a 0.30ef 0. 23f 
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and Â73D28 had a reduction in pod number from PI to P2. The cultlvar 
72-23113 had a reduction at each population level, whereas pod number 
for SD77 was not significantly reduced as population Increased. Coles 
had a reduction In pod number at N5 as population Increased from PI to 
P3. The cultlvar A73D28 had a pod reduction from PI to P2. Both 72-23113 
and SD77 had a reduction in the number of pods at each level as popula­
tion Increased, whereas the pod reduction for Coles occurred as popula­
tion increased from P2 to P3 and the reduction for SD77 occurred from 
PI to P2. At Nil, only Coles had a significant reduction in pod num­
bers at each level as population Increased, whereas the other three 
cultivars had a significant reduction from PI to P2 only. SD77 had the 
largest reduction in pod number as population increased from PI to P2. 
The seed yield at N1 for Coles remained constant across populations 
(Table 3). The seed yield for A73D28 and 72-23113 was significantly 
less at P2 and P3 than at PI. SD77 had a significant reduction In seed 
yield at each level as population increased. The seed yield at N2 for 
Coles was not reduced as population Increased, whereas A73D28 had a 
reduction in seed yield as population Increased from PI to P2 and 
72-23113 had a reduction at each level as population Increased. The 
cultlvar SD77 had a seed yield decrease from PI to P3. At N5, Coles 
did not differ in seed yield as population Increased, while 72-23113 
and SD77 had a seed yield reduction at each level as population in­
creased. Cultlvar A73D28 had a reduction from PI to P2. At Nil, Coles, 
A73D28 and 72-23113 had a significant reduction at each level as popula­
tion Increased, whereas SD77 had a reduction in seed yield from PI to P2. 
Table A. Tlie mean number of pods and seed yields at selected nodes of the significant planting 
date by population interactions 
No. of pods Seed yield (g) 
Planting Node 5 Node 11 Node 1 Node 5 
Population ^  Population ^ Population ^ Population 
(plants per m ) (plants per m ) (plants per m ) (plants per m ) 
33 63 93 33 63 93 33 63 93 33 63 93 
1 3.67a^ 2.66c 2.03f 4.10a 2.30b 1.62c 1.45a 0.98c 0.60e 1.34a 0.98c 0.72ef 
2 3.25b 2.41de 2.18f 2.76ab 1.16cd 0.92de 1.29b 0.79d 0.61e 1.23b 0.99c 0.89d 
3 3.22b 2.61cd 2.33e 2.59b 0.67e 0.29f 0.85d 0.57e 0.45f 0.87d 0.74e 0.68f 
Values -within a node followed by the same letter do not differ (P < 0.05) according to 
Duncan's Multiple Range Test. 
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There were planting date x population Interactions for number of 
pods at N5 and Nil and seed yield at N1 and N5 (Table 4). At N5 the num­
ber of pods for all planting dates was greatest at PI and significant 
reductions occurred as population increased. The largest reduction, 
which contributed to the interaction, occurred at the first planting 
date as population increased. Similar trends occurred at Nil in which 
the pod number decreased significantly as population increased within 
each planting date except for the second planting date when population 
increased from P2 to P3. Like N5, the largest reduction for Nil occurred 
as population increased within the first planting date. The seed yield 
at N1 decreased at each planting date as population increased (Table 4). 
The seed yield at PI for the first planting date was largest of the 
planting date by population combinations and the first planting date was 
affected the greatest of the planting dates as population increased. 
Similar results occurred for seed yield at N5. 
By dividing the plant into three sections, the effect of planting 
date and population on pod number and seed yield of each section can be 
determined (Table 5). There was a significant reduction in pod number 
and seed yield of the upper section at each date as planting was delayed 
(Table 5). The greatest decrease in pod number occurred as planting was 
delayed from the first to the second date, whereas the largest decrease 
in seed yield of the upper section occurred from the second to the third 
date. The middle and lower sections were not significantly affected as 
planting was delayed. The upper section at the first planting date 
contributed about 38 percent of the total number of pods and about 
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Table 5. The mean contribution of pod number and seed yield of the 
upper, middle and lower sections of plants over cultlvars 
and populations 
Plant sections 
Variables Upper 
No. 
of 
pods 
Seed 
yield 
(g) 
Middle 
No. 
of 
pods 
Seed 
yield 
(8) 
Lower 
No. 
of 
pods 
Seed 
yield 
(g) 
Planting date 
1 13.52 4.87 15.94 5.69 6.53 2.04 
2 10.83 4.02 13.93 5.39 5.09 1.70 
3 9.16 2.31 11.53 3.55 5.46 1.53 
LSD (.05) 0.47 0.62 ns^ ns ns ns 
Population 
(plants 
per m^) 
33 15.30 5.13 18.08 6.40 9.79 2.97 
63 10.20 3.48 12.90 4.67 3.50 1.15 
93 8.01 2.59 10.42 3.56 3.80 1.15 
LSD (.05) 5.37 1.58 ns ns 2.65 0.87 
^ns - Nonsignificant at 0.05 level. 
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39 percent of the total seed yield per plant. At the third date the 
upper section contributed 35 and 31 percent of the total number of pods 
and seed yield per plant, respectively. The middle section at the 
first date contributed 44 and 45 percent of the total pod number and 
seed yield, respectively, whereas the lower section contributed 18 and 
16 percent, respectively. At the third date the middle section con­
tributed 44 and 48 percent to the total pod number and seed yield, 
respectively, while the lower section had 21 percent of both the pod 
number and seed yield. In the upper section as population increased 
from PI to P3 there was a significant 48 percent reduction in pod number 
and a 50 percent reduction in seed yield. Increased population had no 
significant affect on the number of pods or seed yield in the middle 
section. In the lower section there was a reduction in pod number and 
seed yield only as population increased from PI to P2. The upper section 
at PI contributed 35 percent of the total pod number and seed yield per 
plant, while the middle contributed 42 and 44 percent of the total pod 
number 2nd seed yield; respeotively. The lower section contributed 23 
percent of the total pod number and 20 percent of the seed yield. At P3 
the upper section contributed about the same as it did at PI, but the 
middle section contributed slightly more to total pod number (47 percent) 
and seed yield (49 percent), while the lower section contributed slightly 
less (17 percent to total pod number and 16 percent to seed yield). 
There were significant planting date x population interactions for 
pod number and seed yield at the upper and middle section (Table 6). 
In the upper section, the first planting date and PI had the greatest 
Table 6. Tlhe mean number of pods and seed yield at the upper and middle sections of plants 
of the significant planting date by population interactions 
Plant section 
Planting 
date 
Upper 
No. of pods 
Population ^ 
(plants per m ) 
33 63 93 
Seed yield (g) 
Population 2 
(plants per m ) 
33 63 93 
Middle 
No. of pods 
Population ^ 
(plants per m ) 
33 63 93 
Seed yield (g) 
Population ^ 
(plants per m ) 
33 63 93 
1 19.01 12.51 9.03 6.96 4. 61 3.03 21.96 15.08 10.77 7.96 5.46 3.63 
2 15.15 9.61 7.75 5.47 3. 67 2.90 17.96 12.70 11.12 6.83 5.12 4.24 
3 11.75 8.47 7.24 2.95 2. 16 1.83 14.31 10.91 9.36 4.40 3.42 2.82 
LSD (.05) 1.52 0.21 2.43 0.55 
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number of pods and seed yield of all the planting dates by population 
combinations. The pod number and seed yield were significantly reduced 
as population Increased within each planting date, except at the third 
date when population Increased from F2 to P3. The rate of reduction 
In pod number and seed yield was different for each of the planting date 
by population combinations, thereby causing the Interaction. Similar 
results occurred at the middle sections, except that pod number was not 
significantly reduced on the second and third dates as population in­
creased from P2 to P3. 
The indeterminate. Coles, had fewer pods and a lower seed yield at 
the upper section than did the other cultivars (Table 7). The upper sec­
tion for Coles contributed 28 and 24 percent of the total pod number and 
seed yield, respectively. The contribution of the upper section to total 
pod number for Â73D28, 72-23113 and SD77 was 38, 49 and 33 percent, 
respectively, and the seed yield contribution was 36, 48 and 38, 
respectively. In the middle section SD77 had the greatest number of 
pods; however, there was no significant difference in seed yield between 
the cultivars. The middle section contributed 48, 43, 43 and 46 percent 
of the total number of pods for Coles, Â73D28, 72-23113 and SD77, 
respectively, and 52, 46, 46 and 45 percent of the seed yield, respec­
tively. This is contrary to Domlnguez and Hume's (1978) report that the 
upper section of determinates contributed more to yield than the lower 
section; however, this is consistent with previous reports that middle 
section Indeterminates contribute more to yield than the top or bottom 
sections (Johnston and Pendleton, 1968: Weil and Ohlrogge, 1976; 
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Table 7. The mean contribution of pod number and seed yield of the 
upper, middle and lower sections of cultlvars over planting 
dates and populations 
Plant section 
Cultivar 
Upper Middle Lower 
No. 
of 
pods 
Seed 
yield 
(g) 
No. 
of 
pods 
Seed 
yield 
(g) 
No. 
of 
pods 
Seed 
yield 
(g) 
Coles 7.57 2.53 12.91 5.58 6.52 2.55 
A73D28 10.56 3.81 11.89 4.92 5.30 1.91 
72-23113 12.57 4.42 10.92 4.07 2.11 0.65 
SD77 13.98 4.16 19.47 4.93 8.85 1.95 
LSD (.05) 2.94 1.04 4.74 ns^ 2.94 0.87 
^ns - Nonsignificant at 0.05 level. 
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Domlnguez and Hume, 1978). In the lower section, 72-23113 had the fewest 
pods (8 percent of total) and seed yield (7 percent of total) of the 
four cultlvars. SD77 had more pods than Â73D28, but the seed yield was 
not significantly different for Coles, A73D28 and SD77. The lower sec­
tion of Coles contributed 24 percent of the total pod number and seed 
yield, while for A73D28 the contribution was 18 percent. The lower sec­
tion of SD77 contributed 21 and 17 percent for the total number of pods 
and seed yield, respectively. 
The distribution of pods and seed yield of the four cultivars at 
the three planting dates is shown in Figures 1 through 8. In the upper 
section, the semideterminate and determinate cultivars had the greatest 
number of pods and the largest reduction occurred as planting was delayed 
from the first to the second date, except for 72-23113 (Table 8). Culti­
vars 72-23113 and SD77 had a significant reduction in pod number from 
the second to the third. Like the number of pods in the upper section, 
each cultivar had the greatest seed yield on the first planting date and 
decreased as planting vas delayed: The largest decrease in seed yield 
for each cultivar occurred from the second to the third date. The culti­
vars, 72-23113 and SD77, had the largest reduction. In the middle sec­
tion, each cultivar, except 72-23113, had the greatest number of pods on 
the first planting date. The largest decrease in pod number, as planting 
was delayed for Coles and Â73D28, was from the first to the second date, 
whereas for 72-23113 and SD77 the largest reduction occurred from the 
second to the third date. 
There were significant cultivar x population interactions for pod 
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Figure 1. The mean nodal distribution of pods of the Indeterminate 
cultlvar, Coles, at three planting dates over population 
and years 
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Figure 2. The mean nodal distribution of seed yield of the Indeter­
minate cultivar. Coles, at three planting dates over 
populations and years 
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Figure 8. rhe mean nodal distribution of seed yield of the determinate cultivar, SD77, at three 
planting dates over populations and years 
Table 8. The mean contribution of pod number and seed yield of the upper and middle sections 
of plants of the significant cultivar by planting date interactions 
Plant section 
Upper Middle 
Cultivar No. of pods Seed yield (g) No. of pods 
Planting date Planting date Planting date 
1 2 3 1 2 3 1 2 3 
Coles 8.86 7.45 6.41 3.14 2.93 1.53 15.68 12.41 10.65 
A73D28 12.61 9.90 9.16 4.91 3.92 2.59 14.14 11.85 9.67 
72-23113 14.64 12.97 10.00 5.86 4.91 2.50 11.41 11.19 10.16 
SD77 17.97 13.01 10.96 5.55 4.31 2.63 22.52 20.26 15.65 
LSD (.05) 1.33 0.50 1.69 
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number at the upper and lower sections and seed yield at the lower sec­
tion (Table 9). In the upper section each cultivar had the greatest num­
ber of pods at PI. There was for each cultivar, except Coles, a decrease 
in pod number as population increased at each level. The largest de­
crease in pod number for all cultivars, although not at the same rate, 
occurred as population increased from PI to P2. The greatest pod number 
and seed yield on the lower section of each cultivar, except 72-23113, 
occurred at PI. There was a reduction in pod number and as population 
increased from PI to P2 for each cultivar, except 72-23113, which was 
not significantly affected as population Increased. 
Table 9. The mean contribution of pod number and seed yield of the upper and lower sections of 
plants of the significant cultivar by population interactions 
Plant section 
Upper Lower 
Cultivar No. of pods No. of pods Seed yield (g) 
Population ^ Population ^ Population ^ 
(plants per m ) (plants per m ) (plants per m ) 
33 63 93 33 63 33 33 63 93 
Coles 10.42 6.48 5.82 10.63 4.62 4.30 3.97 1.94 1.73 
A73D28 15.12 9.30 7.25 9.59 3.05 3.26 3.29 1.20 1.24 
72-23113 18.11 11.50 8.10 3.39 1.37 1.56 0.99 0.41 0.50 
SD77 17.55 13.53 10.86 15.55 4.93 6.07 3.66 1.05 1.15 
LSD (.05) 1.88 2.56 0.73 
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SUMMARY 
The effect of delayed planting was not as evident as the effect of 
population on pod number and seed yield of the selected nodes. Delayed 
planting caused a reduction in the number of pods from the second to the 
third date at N2 and at each date at Nil. There was a significant reduc­
tion in pod number and seed yield as population increased from 33 to 63 
2 
plants per m at each of the selected nodes, except N5 and N8, at which 
2 
the reduction occurred as population increased from 33 to 93 plants per m . 
Only at N1 was there a significant reduction in seed yield from 63 to 93 
2 plants per m . When the plants were divided into three sections, only the 
upper section was affected by delayed planting. The pod number and seed 
yield were reduced at each date as planting was delayed. As population 
2 increased from 33 to 93 plants per m , the number of pods in the upper 
section was reduced. In the lower section, both pod number and seed yield 
2 
were reduced as population Increased from 33 to 63 plants per m . 
The number of pods and seed yield at the selected nodes differed 
among the cultivars. The determinate cultivar, SD77, had the greatest 
number of pods at each node, except N2. The pod number at Nil for Coles 
was not significantly different from that of SD77. At N1 and N5, SD77 
had the largest seed yield, but at N2, the semidetermlnate cultivars, 
A73D28 and 72-23113, had the largest seed yield. There was no significant 
difference in seed yield among the cultivars at NS and Nil. In the upper 
section, Coles had the least number of pods and seed yield of the four 
cultivars. SD77 had the greatest number of pods in the middle section, 
but there was no difference in seed yield among the cultivars. In the 
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lower section, 72-23113 had the least number of pods and seed yield. 
SD77 had more pods than did Â73D28. There was no significant differ­
ence in seed yield among Coles, A73D28 and SD77. 
This research has described the distribution of pods and seed yield 
of indeterminate, semideterminate and determinate soybean growth types 
as influenced by plant population and date of planting. Since the 
different sections of the growth types differ in their contribution to 
the seed yield, stresses may cause more loss in one section than another. 
Hall damage may cause a greater yield loss in the upper section of semi-
determinate and determinate growth types since it is a major contributor 
to yield, whereas for indeterminate types the middle contributes the 
most to yield and may be less affected by the same amount of hail. Also 
the ability for regrowth is less for determinates than the other growth 
types. With a basic understanding of the sectional contribution to 
yield of the growth types with different cultural practices the effect 
of stress may be recognized from the affects of cultural practices. 
Also, the location on the plant where the major effect of the stress 
may occur can be predicted. However, more research is needed in this 
area. 
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GENERAL SUMMARY 
The objective of this research was to determine the effects of 
cultural practices on yield and plant characters of soybean growth types. 
Actual data means and mean squares of cultivars may be seen in the 
appendix tables. 
The effect of cultural practices on the yield per unit area is the 
most important parameter to a soybean producer. However, the effect of 
these cultural practices on other parameters eventually determines 
yield, and is also of great importance. These results, as well as 
other researchers' results, are shown in Table 1 (p. 2). 
Soybean yields increased (10 percent) as row spacing decreased from 
69 cm to 17 cm. A 10 percent increase added to Iowa's yield average 
would mean another 8 million quintals produced by Iowa soybean producers. 
Many soybean producers may profit by simply reducing the row width they 
are presently using. Another cultural practice that may be equally 
as important as row spacing is timeliness of planting. These data in­
dicate that delayed plantings decrease grain yields. There was a 12 
percent reduction in yield by delaying planting from the third week in 
May to the middle of June and an additional 24 percent yield loss if 
planting was delayed another three weeks. Soybean producers are faced 
with this yield reduction when replanting is required late in the grow­
ing season. Increased plant populations, well above those recommended, 
also decrease grain yields. Increased populations in the date of plant­
ing study had no affect on yield. 
There are several responses that contribute to the seed yield 
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reduction with increased populations. There was an increase in the per­
cent stand loss and a reduction in seed yield per plant when populations 
2 
were increased from 33 to 93 plants per m . The increased intra-plant 
competition for light and nutrients due to the increased population 
caused an increase in plant lodging at maturity, but a reduction in the 
number of nodes, pods per plant and seeds per pod. The cause of the 
yield reduction by delayed planting may be attributed to the fact that 
none of the cultivars reached maturity before frost on the third planting 
date, which resulted in reduced seed weight. Plant lodging at maturity, 
percent stand loss, yield per plant, pods per node and seeds per pod were 
not significantly affected by delayed planting. 
The yield Increase obtained with narrow row spacings may be attrib­
uted to the greater number of plants at harvest since the yield per 
plant was not altered significantly by reducing row spacings. Another 
reason for the Increased yield with narrow row spacings has been attrib­
uted to better light Interception by the canopy earlier in the growing 
season. These data support that hypôchêsis (Appendix Table A^ll) . 
The widest row spacing in this study (69 cm) required the greatest num­
ber of days (65.5) from planting to the time 90 percent of the light was 
intercepted by the canopy. While the 34 and 17 cm row spacings needed 
55.5 and 53.9 days, respectively. 
The contribution of the upper, middle and lower sections to yield 
of the three growth types was different. The middle section of the 
indeterminate growth types contributed more to yield than the upper or 
lower sections. With the semldetermlnate and determinate types the 
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upper section contributed slightly more to seed yield than did the 
middle section. The uppermost node for the semideterminate and deter­
minate growth types was a major contributor to yield of the upper sec­
tion. The lower section for each of the growth types contributed the 
least to seed yield. 
At the 69 cm row spacing, each section of the indeterminate growth 
type contributed more to seed yield than they did at the other row 
spacings. The upper section of the semideterminate and determinate 
growth types, at each row spacing, contributed more to yield than it 
did for the indeterminate growth types. As planting was delayed, the 
upper section of the semideterminate and determinate cultivars was 
reduced to a greater extent than for the indeterminate type. The middle 
section of the indeterminate growth type had the largest percent reduc­
tion of the three plant sections as population Increased, whereas with 
the semideterminate and determinate growth types the lower section had 
the greatest percent reduction as population increased, although the 
actual yield was less than the other sections. This was possibly due 
to the increase in the height of the lowest pod. The number of nodes 
at maturity remained more stable for the determinate and semideterminate 
than for the indeterminate cultivars. 
Results of this research agree with previous observations that 
cultural practices can alter yields. With more semideterminate and 
determinate cultivars being developed for Iowa, more research will be 
necessary, especially in the area of stress on the different growth 
types. 
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APPENDIX 
Table A- 1. The cultivar means of plant characters for row spacings and populations over 
environments 
Cultivar Row 
Popula­
tion 
Days . Days 
Height 
at 
Nodes 
Height 
at 
Nodes Lodging Height 
at 
space 
(cm) (plants 
per m^) 
to 
R1 
to 
R8 
R1 
(cm) 
at 
R1 
at 
R5* 
R8 
(cm) 
Coles 69 33 44.7 120.1 32.80 7.87 107.38 16.01 3.06 109.33 
69 63 44.5 119.9 37.63 7.31 110.71 14.05 3.40 105.55 
69 93 44.8 119.8 38.20 6.90 114.16 13.60 4.00 98.86 
34 33 44.9 120.6 33.25 8.31 111.33 16.61 3.06 115.75 
34 63 44.6 120.1 38.67 7.54 115.91 14.45 3.66 116.87 
34 93 44.6 119.4 40.71 7.31 116.53 13.63 4.16 112.55 
17 33 44.6 120.3 34.67 8.35 111.33 16.96 3.26 117.52 
17 63 44,7 120.3 39.61 7.70 115.21 15.06 3.76 120.15 
17 93 44.5 120.1 45.57 7.40 115.98 13.91 3.96 119.63 
Williams 69 33 57.1 135.0 50.40 11.11 124.53 19.10 2.86 115.63 
69 63 57.4 135.0 55.07 10.24 123.00 16.41 3.33 114.90 
159 93 57.6 135.8 55.31 9.75 125.98 15.06 3.80 110.40 
34 33 57.2 136.2 53.39 11.67 122.13 19.53 2.43 119.65 
34 63 57.5 136.7 59.47 10.68 129.98 16.68 3.76 122.26 
34 93 57.4 136.2 62.60 9.82 134.28 15.40 4.13 123.07 
17 33 57.3 135.0 55.10 11.77 121.41 20.10 2.53 119.49 
17 63 57.2 135.8 61.56 10.85 130.18 17.06 3.80 125.20 
17 93 57.1 136.3 63.85 10.25 131.23 15.63 4.23 126.32 
A73D22 69 33 47.2 117.3 33.95 7.96 101.71 15.85 3.00 87.87 
69 63 47.3 117.5 36.73 7.40 102.76 13.76 3.40 90.56 
69 93 47.2 117.7 37.78 6.78 107.63 13.00 3.63 88.94 
34 33 46.6 117.3 32.30 8.14 102.06 16.41 2.70 93.95 
34 63 46.7 117.6 36.31 7.57 108.25 14.48 3.73 99.58 
34 93 46.3 117.8 39.42 7.28 108.88 13.16 3.76 99.96 
17 33 46.4 117.6 33.42 8.08 101.13 16.56 2.43 93.76 
17 63 46.7 118.2 38.29 7.74 108.35 14.38 3.46 101.94 
17 93 46.9 118.4 40.86 7.22 109.00 13.56 3.96 103.58 
•^R5 data collected only at Ames. Lodging at R5 taken only in 1979. 
Table A- 1 . (Continued) 
Cultiver 
Row 
Popula­
tion 
Days Days 
Height 
at 
Nodes 
Height 
at 
Nodes Lodging 
Height 
at 
space 
(cm) (plants 
per m^) 
to 
R1 
to 
R8 
R1 
(cm) 
at 
R1 (m)® 
at 
R5* 
at 
R5* 
R8 
(cm) 
72-23113 69 33 55.7 135.5 46.38 10.95 100.26 18.95 3.20 91.14 
69 63 55.7 135.5 50.29 10.07 106.83 16.93 4.20 97.77 
69 93 56.0 135.3 52.58 9.37 112.58 15.50 4.50 97.82 
34 33 55.0 135.2 48.26 11.75 102.03 19.58 2.86 92.61 
34 63 55.2 136.1 53.81 10.62 109.45 17.75 4.13 101.52 
34 93 55.3 137.0 57.31 10.07 112.93 15.66 4.50 103.07 
17 33 55.1 134.0 49.25 11.93 103.66 20.21 3.33 94.03 
17 63 55.3 135.6 55.97 11.02 110.26 18.11 4.00 103.66 
17 93 55.6 135.5 58.90 10.41 114.28 17.21 4.50 105.96 
Elf 69 33 58.1 136.4 44.66 10.98 64.15 12.68 1.63 54.21 
69 63 58.0 137.6 48.96 9.97 72.73 12.11 2.26 63.32 
(59 93 58.2 137.1 52.04 9.77 75.53 11.93 3.03 66.83 
34 33 57.9 136.3 45.66 11.31 65.46 13.20 1.66 55.83 
34 63 57.8 :L36. 7 53.92 10.43 72.20 12.63 1.96 67.28 
34 93 58.0 :L37.5 57.02 10.06 77.10 11.88 3.40 71.32 
17 33 58.0 135.9 47.71 11.62 65.96 13.13 1.93 56.32 
17 63 57.9 136.6 56.11 10.91 74.26 12.66 2.46 67.15 
17 93 58.3 137.5 58.37 10.28 81.56 12.45 3.26 71.75 
SD77 69 33 59.7 133.3 52.08 11.87 77.26 14.78 2.36 70.29 
69 63 59.7 133.6 56.71 11.20 78.48 13.93 2.43 74.83 
69 93 60.0 133.8 57.31 10.68 82.70 13.33 3.16 76.76 
34 33 59.7 133.3 53.90 12.72 78.40 15.11 2.70 73.15 
34 63 60.0 133.4 62.20 11.59 87.25 14.30 3.03 82.34 
34 93 59.9 133.9 64.63 10.95 92.31 13.66 3.53 85.12 
17 33 59.5 132.0 57.17 12.70 81.68 15.26 2.80 74.90 
17 63 59.8 132.4 62.58 12.09 88.65 14.66 3.50 84.16 
17 93 59.9 133.0 66.95 11.55 94.18 14.31 3.93 89.01 
Table A- 1. (Continued) 
Cultivar 
Row 
Popula­
Nodes 
Inter-- Lodg­
tion node ing 
space 
(cm) (plants 
per m2) 
at 
R8 
length at 
(cm) R8 
69 33 17.55 6.22 3.07 
69 63 15.37 6.88 3.55 
69 93 13.94 7.11 3.75 
34 33 18.31 6.31 3.38 
34 63 16.35 7.15 3.65 
34 93 14.76 7.62 3,82 
17 33 18.51 6.34 3.26 
17 63 16.36 7.35 3.61 
17 93 14.68 8.16 3.87 
69 33 18.62 6.21 2.35 
69 63 16.59 6.92 2.80 
69 93 15.03 6.35 3.26 
34 33 20.20 5.92 2.42 
34 63 17.50 6.98 3.12 
34 93 16.15 7.60 3.51 
17 33 20.00 5.98 2.54 
17 63 17.42 7.17 3.22 
17 93 16.26 7.76 3.60 
69 33 14.76 5.92 2.46 
69 63 13.65 6.63 3.03 
69 93 12.63 7.05 3.25 
34 33 15.94 5.89 2.63 
34 63 14.69 6.77 3.26 
34 93 13.67 7.30 3.63 
17 33 15.90 5.90 2.62 
17 63 14-75 6.92 3.27 
17 93 13.63 7.60 3.65 
Height No. of No. of 
of low- branch- pods 
est pod es per per 
(cm) plant plant 
Stand 
loss 
Yield 
q/ha 
Yield Pods Seeds Wt. 
per per per per 
plant node pod seed 
Coles 
Williams 
A73D22 
8.36 
11.70 
14.01 
9.17 
13.32 
15.88 
8.80 
14.60 
15.30 
18.16 
22.08 
20.84 
19.50 
24.22 
22.60 
18.51 
24.85 
24.01 
10.48 
14.22 
16.37 
9.09 
16.18 
17.72 
9.08 
15.57 
17.48 
2.72 
1.71 
1.51 
2.20 
1.62 
1.23 
2.42 
1.18 
1.03 
2.15 
1.62 
1.92 
1.56 
0.93 
1.50 
1.80 
1.03 
1.35 
1.98 
1.02 
0.75 
2.20 
0.68 
0.40 
2.12 
0.78 
0.32 
45.10 
32.38 
25.10 
41.01 
29.40 
23.15 
40.93 
26.27 
20.52 
34.13 
25.53 
21.13 
34.75 
23.57 
20.30 
34.92 
22.20 
19.58 
40.66 
29.26 
23.57 
44.73 
27.22 
21.75 
41.60 
27.66 
20.96 
4.24 
11.13 
16.64 
0.80 
0.52 
5.58 
-1.25 
-0.95 
2.62 
6.37 
12.12 
18.96 
-0.47 
5.47 
11.96 
8.98 
5.52 
6.23 
0.59 
10.37 
10.36 
0.25 
0.03 
8.48 
3.94 
-1.78 
3.79 
32.15 
31.60 
30.43 
36.35 
35.96 
35.07 
36.15 
36.59 
34.25 
28.91 
30.75 
29.82 
31.41 
30.82 
27.69 
34.59 
33.81 
29.51 
29.02 
29.94 
28.85 
34.25 
32.08 
31.91 
34.86 
33.18 
32.74 
17.81 
12.49 
9.38 
16.48 
11.68 
9.08 
16.19 
10.51 
8.02 
15.06 
11.08 
8.79 
15.16 
10.13 
8.10 
15.04 
9.52 
7.80 
15.80 
11.26 
8.55 
17.41 
10.59 
8.45 
16.09 
10.81 
7.87 
2.55 
2.08 
1.79 
2.24 
1.79 
1.56 
2.20 
1.60 
1.39 
1.83 
1.58 
1.39 
1.71 
1.34 
1.25 
1.74 
1.27 
1.19 
2.73 
2.13 
1.86 
2.80 
1.85 
1.59 
2.61 
1.87 
1.53 
2.19 
2.14 
2.08 
2.26 
2.19 
2.19 
2.19 
2.22 
2.19 
2.43 
2.35 
2.31 
2.43 
2.38 
2.27 
2.40 
2.37 
2.25 
2.31 
2.27 
2.12 
2.30 
2.25 
2.26  
2.27 
2.21 
2.18 
0.180 
0.181 
0.179 
0.178 
0.182 
0.181 
0.180 
0.181 
0.179 
0.180 
0.183 
0.179 
0.178 
0.179 
0.175 
0.179 
0.180 
0.176 
0.168 
0.170 
0.170 
0.169 
0.173 
0.171 
0.169 
0.175 
0.173 
vo 
Table A- 1 , (Continued) 
Cultlvar 
Row 
Popula­
Nodes 
Inter- Lodg 
tion node ing 
space 
(cm) (plants 
per mh 
at 
R8 
length 
(cm) 
at 
R8 
69 33 17.56 5.18 2.76 
69 63 16.09 6.07 3.20 
69 93 15.33 6.36 3.60 
34 33 18.90 4.89 2.76 
34 63 17.17 5.91 3.45 
34 93 16.26 6.33 3.66 
17 33 19.02 4.93 2.78 
17 63 17.46 5.93 3.44 
17 93 16.60 6.37 3.74 
69 33 11.44 4.73 1.68 
69 63 11.21 5.65 1.92 
69 93 10.83 6.17 2.36 
34 33 12.05 4.64 1.63 
34 63 11.76 5.73 2.07 
34 93 11.51 6.20 2.65 
17 33 12.20 4.62 1.76 
17 63 11.85 5.68 2.12 
17 93 11.64 6.17 2.69 
69 33 13.46 5.21 2.08 
69 33 12.75 5.86 2.30 
69 93 12.35 6.21 2.49 
34 33 14.07 5.19 2.36 
34 63 13.58 6.06 2.79 
34 93 13.26 6.42 3.21 
17 33 14.16 5.29 2.46 
17 63 13.86 6.08 3.02 
17 93 13.50 6.59 3.34 
of low- branch-
est pod es per 
(cm) plant 
No. of 
pods 
per 
plant 
Stand 
loss 
(%) 
Yield 
q/ha per 
Yield Pods Seeds Wt. 
per per per 
plant node pod seed 
72-23113 
Elf 
SD77 
18.10 0.95 33.88 
25.16 0.40 22.91 
26.78 0.40 19.20 
16.32 1.20 36.33 
26,38 0.15 22.27 
29.26 0.32 18.78 
15.49 1.13 35.31 
27.83 0.24 21.46 
28.82 0.30 16.91 
9.30 6.38 40.21 
13. 71 4.52 29.88 
14.43 4.00 27.28 
8.17 5.98 41.56 
15.95 3.93 24.88 
17.00 3.52 23.18 
8.05 6.02 40.36 
15.12 3.77 24.87 
15.45 3.69 22.88 
10.74 5.39 58.78 
14.03 4.36 42.62 
14.95 3.91 38.16 
11.28 4.84 54.85 
17.95 3.27 34.38 
18.50 3.13 32.94 
10.32 5.15 54.18 
16.11 4.09 37.01 
15.95 3.50 35.15 
2.47 
10.65 
15.24 
-2.95 
5.36 
3.67 
5.62 
0.90 
2.08 
5.44 
14.38 
21.44 
2.51 
10.08 
8.63 
4.03 
1.95 
7.22 
6.13 
18.60 
25.63 
2.17 
3.88 
11.85 
4.03 
1.95 
7.22 
30.17 14.12 1.92 2.85 0.147 
29.31 9.02 1.41 2.68 0.147 
30.80 7.43 1.24 2.64 0.147 
32.10 14.79 1.91 2.83 0.143 
32.77 8.90 1.29 2.73 0.146 
30.62 7.22 1.15 2.63 0.146 
33.52 14.35 1.85 2.82 0.144 
33.27 8.50 1.22 2.74 0.144 
31.06 6.36 1.01 2.62 0.144 
31.00 13.75 3.55 2.15 0.159 
31.80 10.27 2.68 2.17 0.158 
32.06 9.10 2.52 2.09 0.158 
35.32 14.36 3.48 2.15 0.160 
36.37 8.80 2.13 2.21 0.160 
33.17 7.83 2.03 2.12 0.160 
37.48 14.30 3.33 2.19 0.161 
37.50 9.12 2.10 2.28 0.160 
34.86 7.72 1.98 2.14 0.157 
29.74 15.39 4.36 1.98 0.131 
29.41 10.98 3.34 1.97 0.131 
30.33 9.94 3.09 1.98 0.131 
33.12 14.89 3.91 2.07 0.131 
32.20 9.04 2.53 2.00 0.132 
29.93 8.42 2.48 1.97 0.131 
33.80 14.85 3.82 2.04 0.132 
32.25 9.79 2.67 2.02 0.131 
30.83 8.85 2.61 1.95 0.129 
Ui 
o 
Table A- 2. The mean number of pods by nodes for cultivars, row spacings and population over 
environments 
Cultiver tien 
Popula- Node number 
Row 
space . - ^ 
(cm) 1® 23456789 10 
per m^) 11 
Coles 69 33 0.63 1.28 1.71 2.00 2.37 2.55 2.82 3.00 3.09 3.33 3.32 
Coles 69 63 0.72 1.30 1.78 2.08 2.21 2.33 2.59 2.61 2.76 2.75 2.86 
Coles 69 93 0.72 1.2,2 1.60 1.94 2.03 2.13 2.37 2.31 2.38 2.26 1.89 
Coles 34 33 0.60 1.05 1.45 1.85 2.18 2.47 2.64 2.73 3.05 3.17 3.10 
Coles 34 63 0.61 1.30 1.64 1.97 2.06 2.18 2.34 2.48 2.78 2.97 2.72 
Coles 34 93 0.57 l.%2 1.53 1.81 1.88 2.00 2.15 2.18 2.30 2.23 2.10 
Coles 17 33 0.69 1.17 1.58 1.94 2.13 2.32 2.54 2.66 2.86 3.16 3.11 
Coles 17 63 0.51 1.13 1.45 1.76 1.95 2.01 2.06 2.30 2.47 2.57 2.52 
Coles 17 93 0.72 1.06 1.32 1.47 1.50 1.64 1.73 1.98 1.99 2.20 2.05 
Williams 69 33 0.91 1.40 1.86 2.08 2.43 2.64 2.86 3.02 2.92 2.96 2.91 
Williams 69 63 0.72 1.24 1.63 1.85 2.10 2.29 2.43 2.41 2.55 2.45 2.13 
Williams 69 93 0-60 1.18 1.53 1.69 1.84 1.96 2.11 2.04 1.95 1.88 1.73 
Williams 34 33 0.80 1.16 1.45 1.87 2.21 2.52 2.80 2.96 2.98 3.12 3.09 
Williams 34 63 0-58 1.09 1.46 1.73 2.00 2.10 2.35 2.34 2.53 2.21 1.99 
Williams 34 93 0.54 1.16 1.36 1.58 1.73 1.88 1.97 2.13 2.05 1.81 1.48 
Williams 17 33 0.66 1.10 1.47 1.84 2.18 2.61 2.80 3.03 3.11 3.33 2.97 
Williams 17 63 0.59 1.20 1.45 1.73 1.90 1.96 2.08 2.23 2.17 2.13 1.98 
Williams 17 93 0.66 1.07 1.23 1.53 1.66 1.83 1.97 1.92 1.86 1.76 1.41 
A73D22 69 33 4.51 2.47 2.67 3.02 3.23 3.32 3.31 3.29 3.38 3.10 2.66 
A73D22 69 63 3.27 1.83 2.24 2.60 2.57 2.82 2.83 2.85 2.80 2.21 1.66 
A73D22 69 93 2.53 1.75 1.98 2.10 2.19 2.43 2.60 2.47 2.14 1.76 1.24 
A73D22 34 33 4.41 2.39 2.73 2.91 3.02 3.37 3.32 3.47 3.45 3.42 2.67 
A73D22 34 63 3.18 1.80 2.15 2.33 2.39 2.54 2.78 2.83 2.73 2.24 1.58 
A73D22 34 93 2.37 1.52 1.85 1.92 1.98 2.15 2.36 2.30 2.07 1.83 1.16 
A73D22 17 33 4.28 2.32 2.56 2.99 3.17 3.28 3.25 3.44 3.39 3.13 2.51 
A73D22 17 63 3.26 1.76 2.01 2.13 2.41 2.51 2.50 2.64 2.84 2.45 1.88 
A73D22 17 93 2.52 1.59 1.71 1.76 1.93 2.00 2.18 2.16 2.13 1.90 1.13 
®Node number 1 is the uppermost node. 
Table A-2 . (Continued) 
Cultivât tion 
space 
Row Node number 
(cm) 1* 2 3 4 5 6 7 8 9 10 11 
per 
72-23113 6.9 33 4.13 2.56 2.76 2.88 2.85 2.88 2.92 3.05 2.62 2.13 
72-23.113 69 63 2.56 1.95 2.02 2.06 2.10 2.10 2.35 2.12 1.85 1.55 
72-23113 6.9 93 1.99 1.(36 1.82 1.82 1.88 2.07 2.02 1.74 1.59 1.12 
72-23113 34 33 4.17 2.01 2.91 2.94 3.01 3.25 3.04 2.85 2.62 2.11 
72-23113 34 63 2.60 1.32 2.08 2.03 1.96 1.99 2.07 2.06 1.82 1.53 
72-23113 34 93 2.42 l.GO 1.71 1.73 1.92 1.88 1.88 1.63 1.32 1.04 
72-23113 17 33 3.87 2.(50 2.75 2.87 2.76 2.78 2.94 2.83 2.61 2.16 
72-23113 17 63 2.45 1.37 1.95 1.86 1.76 1.94 2.02 2.06 1.75 1.50 
72-23113 17 93 1.66 1.43 1.62 1.52 1.57 1.51 1.63 1.37 1.43 1.10 
Elf 69 33 6.47 2.DO 2.70 3.72 4.15 4.43 4.27 4.47 3.57 2.57 
Elf 69 63 5.16 1.86 2.61 3.70 4.19 3.90 3.45 3.37 1.96 1.05 
Elf 6'9 93 4.45 1.82 2.55 3.32 3.80 3.48 3.26 2.84 1.79 1.08 
Elf 34 33 6.05 1.87 2.65 3.54 4.16 3.73 3.56 2.84 2.33 2.42 
Elf 34 63 5.41 1.68 2.41 3.28 4.07 3.46 2.81 1.99 0.98 0.27 
Elf 34 93 4.38 1.48 2.28 2.96 3.37 3.15 2.63 2.15 1.52 0.53 
Elf 17 33 6.34 1.71 2.47 3.20 4.23 4.40 3.73 3.28 2.26 2.03 
Elf 17 63 5.20 1.61 2.27 3.40 3.91 3.65 3.20 2.12 1.02 0.19 
Elf 17 93 4.15 1.53 2.29 2.86 3.48 3.11 2.77 2.27 1.38 0.53 
SD77 69 33 7.57 1.72 2.88 3.90 4.99 5.29 4.77 4.27 5.62 6.97 
SD77 69 63 6.02 1.81 2.80 3.64 4.06 4.01 3.88 4.11 5.07 5.03 
SD77 69 93 5.68 1.54 2.59 3.49 3.78 3.50 3.32 4.45 4.12 4.17 
SD77 34 33 7.58 1.81 2.83 4.01 4.79 5.01 4.68 3.95 3.93 4.51 
SD77 34 63 6.05 1.68 2.51 3.18 3.91 3.63 3.49 3.23 3.37 2.75 
SD77 34 93 5.45 1.62 2.45 2.85 3.27 3.42 3.01 3.16 3.65 3.21 
SD77 17 33 7.66 1.69 2.63 3.57 4.68 5.36 4.86 4.55 4.51 3.75 
SD77 17 63 5.77 1.60 2.44 3.08 3.85 4.16 4.19 4.04 4.00 2.94 
SD77 17 93 5.03 1.53 2.27 2.73 3.17 3.30 3.00 3.68 4.05 4.10 
1.50 
1.17 
0.86 
1.62 
1.19 
0.88 
1.67 
1.18 
1.02 
2.45 
0.55 
0.45 
4.41 
0.05 
0.16 
3.25 
0.06 
5.31 
2.71 
1.93 
3.37 
1.47 
1.77 
2.97 
1.60 
2.29 
Table A- 2. (Continued) 
Cultlvar 
Row 
Popula­
tion 
Node number 
space 
(cm) (plants 
per m^) 12 13 14 15 16 17 18 19 20 21 22 23 
Coles 69 33 3.35 3.07 2.92 2.41 2.33 2.13 1.66 0.99 1.08 0.11 
Coles 69 63 2.65 2.19 1.67 1.05 0.77 0.40 0.30 0.39 
Coles 69 93 2.10 1.28 0.81 0.48 0.30 
Coles 34 33 3.00 2.71 2.10 1.85 1.66 1.56 1.64 1.30 1.18 0.39 0.45 
Coles 34 63 2.35 1.83 1.28 0. 67 0.40 0.30 0.19 0.10 0.10 
Coles 34 93 1.51 1.26 0.66 0.38 0.10 
Coles 17 33 3.05 2.72 2.35 1.53 1.25 1.38 1.12 1.54 1.84 0.73 0.34 
Coles 17 63 2.21 1.71 1.08 0.58 0.27 0.10 0.25 0.13 
Coles 17 93 1.57 1.09 0.56 0.23 
Williams 69 33 2.40 2.08 1.60 0. 97 0.72 0.43 0.36 0.32 0.19 0.07 0.23 
Williams 1)9 63 1.75 1.20 0.80 0.52 0.23 
Williams 69 93 1.41 0.91 0.63 0.28 0.10 
Williams 34 33 2.81 2.41 1.79 1.41 0.95 0.55 0.34 0.16 0.16 0.21 
Williams 34 63 1.68 1.00 0.71 0.44 0.15 
Williams 34 93 1.18 0.96 0.55 0.35 0.15 
Williams 17 33 2.77 2.35 1.68 1.22 0.80 0.51 0.36 0.20 0.33 0.37 0.17 0.23 
Williams 17 63 1.61 1.02 0.50 0.27 0.17 
Williams 17 93 1.20 0.96 0.58 0.26 0.23 
A73D22 69 33 2.13 1.57 1.51 1.24 0.61 0.10 
A73D22 69 63 1.15 0.76 0.42 0.29 0.17 
A73D22 69 93 0.87 0.35 0.17 
A73D22 34 33 1.96 1.27 1.68 2.54 2.16 1.01 0.41 
A73D22 34 63 0.78 0.35 0.19 0.28 
A73D22 34 93 0.53 0.24 0.11 0.12 
A73D22 17 33 1.93 1.21 1.25 1.40 1.69 0.87 0.36 0.11 
A73D22 17 63 1.20 0.38 0.25 0.28 0.18 
A73D22 17 93 0.42 0.24 
Table A- 2. (Continued) 
Cultivar 
Row 
Popula­
tion 
Node number 
space 
(cm) (plants 
per 
12 13 14 15 16 17 18 19 20 21 22 23 
72-23113 69 33 1-09 0.76 0.57 0.63 0.47 0.49 0.20 0.35 0.33 
72-23113 6,9 63 0.87 0.49 0.28 0.17 
72-23113 6,9 93 0.60 0.42 0.28 
72-23113 34 33 1.17 0.83 0.47 0.23 0.28 0.86 0.58 0.66 0.86 0.36 
72-23113 34 63 0.94 0.53 0.23 
72-23113 34 93 0.62 0.42 0.18 
72-23113 17 33 1.14 0.87 0.44 0.31 0.27 0.43 0.96 1.13 1.00 0.16 
72-23113 17 63 0.89 0.49 0.12 0.08 0.00 0.12 
72-23113 17 93 0.68 0.53 0.25 0.11 
Elf 6'9 33 1.09 0.13 
Elf 69 63 
Elf 69 93 0.10 
Elf 34 33 3.83 1.24 0.90 
Elf 34 63 0.20 
Elf 34 93 
Elf 17 33 3.41 1.40 0.73 
Elf 17 63 0.14 
Elf 17 93 
SD77 69 33 3.78 1.90 1.87 0.32 
SD77 69 63 1.05 0.38 0.18 
SD77 69 93 0.99 0.46 
SD77 34 33 3.42 4.08 1.98 1.08 0.18 
SD77 34 63 0.62 0.27 0.13 
SD77 34 93 0.57 0.19 
SD77 17 33 2.71 2.94 2.30 1.05 1.32 
SD77 17 63 0.57 0.25 
SD77 17 93 0.91 0.37 0.14 
Table A- 3. The mean seed yield (g) by nodes for cultlvars, row spacings and population over 
environments 
Cultivar Row 
Popula­
tion 
Node number 
10 11 
Coles 69 33 0.14 0.36 0.54 0.70 0.92 1.09 1.21 1.29 1.31 1.43 1.40 
Coles 69 63 0.18 0.37 0.62 0.74 0.87 1.00 1.11 1.08 1.11 . 1.08 1.09 
Coles 59 93 0.18 0.37 0.55 0.70 0.79 0.87 0.96 0.90 0.91 0.80 0.66 
Coles 34 33 0.12 0.27 0.44 0.64 0.82 0.97 1.13 1.24 1.34 1.39 1.34 
Coles 34 63 0.14 0.37 0.52 0.68 0.77 0.86 0.97 1.10 1.21 1.22 1.09 
Coles 34 93 0.15 0.-4 0.48 0.63 0.70 0.84 0.85 0.98 0.95 0.91 0.80 
Coles 17 33 0.14 0.29 0.46 0.63 0.72 0.86 1.03 1.16 1.25 1.38 1.33 
Coles 17 63 0.12 0.29 0.44 0.56 0.69 0.76 0.85 1.02 1.12 1.13 1.04 
Coles 17 93 0.18 0.32 0.41 0.47 0.55 0.64 0.73 0.84 0.85 0.91 0.80 
Williams 69 33 0.30 0.52 0.75 0.88 1.03 1.21 1.27 1.42 1.37 1.36 1.26 
Williams 69 63 0.25 0.48 0.66 0.79 0.91 1.03 1.10 1.08 1.12 1.01 0.86 
Williams 69 93 0.20 0.43 0.60 0.70 0.81 0.87 0.95 0.88 0.81 0.72 0.64 
Williams 34 33 0.26 0.41 0.54 0.70 0.92 1.05 1.24 1.33 1.35 1.43 1.37 
Williams 34 63 0.17 0,36 0.54 0.66 0.82 0.91 1.06 1.07 1.13 0.95 0.81 
Williams 34 93 0.15 0.38 0.46 0.60 0.70 0.78 0.85 0.90 0.83 0.73 0.57 
Williams 17 33 0.20 0.40 0.54 0.70 0.90 1.07 1.24 1.37 1.44 1.49 1.32 
Williams 17 63 0.18 0.43 0.53 0.68 0.78 0.85 0.93 0.99 0.99 0.93 0.83 
Williams 17 93 0.20 0.34 0.44 0.56 0.66 0.75 0.82 0.84 0.78 0.71 0.55 
A73D22 69 33 1.64 0.97 1.04 1.18 1.26 1.30 1.31 1.26 1.26 1.14 0.93 
A73DZ2 69 63 1.15 0.69 0.87 1.01 1.00 1.10 1.11 1.05 1.00 0.77 0.57 
A73D22 69 93 0.86 0.63 0.74 0.76 0.82 0.90 0.91 0.84 0.70 0.52 0.37 
A73D22 34 33 1.77 0.83 0.98 1.08 1.20 1.35 1.33 1.37 1.35 1.25 0.97 
A73D22 34 63 1.07 0.64 0.79 0.87 0.92 1.01 1.12 1.10 1.04 0.83 0.58 
A73D22 34 93 0.77 0.54 0.64 0.73 0.76 0.85 0.94 0.90 0.79 0.69 0.42 
A73D22 17 33 1.42 0. 82 0.93 1.12 1.21 1.27 1.30 1.40 1.34 1.18 0.90 
A73D22 17 63 1.08 0.59 0.75 0.77 0.91 0.97 1.03 1.07 1.08 0.92 0.72 
A73D22 17 93 0.80 0.49 0.59 0.62 0.72 0.76 0.84 0.85 0.80 0.71 0.41 
Table A- 3. (Continued) 
„ Popula- Node number 
n Row 
Cultlvar tlon 
(plants 
per 
(cm) 1 23456789 10 11 
72-23113 6,9 33 1.56 1.03 1.17 1.21 1.24 1.26 1.25 1.25 1.07 0.86 
72-23113 6'9 63 0.89 0.73 0.79 0.85 0.88 0.86 0.94 0.81 0.72 0.54 
72-23113 69 93 0.62 0.151 0.73 0.77 0.74 0.85 0.79 0.66 0.54 0.39 
72-23113 34 33 1.46 1.07 1.18 1.25 1.25 1.36 1.29 1.19 1.04 0.82 
72-23113 34 63 0.93 0.68 0.82 0.82 0.82 0.81 0.85 0.82 0.71 0.55 
72-23113 34 93 0.79 0.65 0.65 0.67 0.75 0.75 0.74 0.62 0.48 0.35 
72-23113 17 33 1.35 1. 80 1.10 1.16 1.16 1.17 1.27 1.21 1.05 0.82 
72-23113 17 63 0.84 0. 71 0.75 0.73 0.71 0.80 0.82 0.79 0.66 0.57 
72-23113 17 93 0.56 0.52 0.59 0.57 0.59 0.59 0.63 0.53 0.51 0.38 
Elf 69 33 2.65 0. 78 1.02 1.28 1.41 1.37 1.20 1.21 0.96 0.68 
Elf 69 63 2.05 0.71 0.95 1.30 1.36 1.19 0.98 0.81 0.50 0.24 
Elf 69 93 1.71 0.55 0.87 1.08 1.18 1.09 0.91 0.77 0.43 0.25 
Elf 34 33 2.38 0.77 1.02 1.25 1.36 1.13 1.05 0.78 0.62 0.66 
Elf 34 63 2.14 0.65 0. 90 1.11 1.30 1.02 0.79 0.53 0.23 0.05 
Elf 34 93 1.63 0.53 0.82 0.99 1.05 0.92 0.74 0.57 0.38 0.12 
Elf 17 33 2.58 0.68 0.98 1.16 1.47 1.40 1.11 0.93 0.58 0.58 
Elf 17 63 2.09 0.62 0.86 1.16 1.30 1.15 0.97 0.57 0.27 0.04 
Elf 17 93 1.51 0.53 0.82 0.99 1.07 0.94 0.77 0.57 0.34 0.12 
SD77 69 33 2.39 0.54 0.90 1.13 1.31 1.32 1.13 0.93 1.19 1.57 
SD77 6 9  63 1.78 0.53 0.82 0.98 1.04 0.96 0.90 0.85 1.07 1.11 
SD77 69 93 1.75 0.46 0.74 0.91 0.97 0.81 0.73 1.00 0.88 0.88 
SD77 69 33 2.33 0.59 0.92 1.18 1.32 1.29 1.12 0.90 0.88 0.99 
SD77 69 63 1.79 0.51 0.74 0.90 1.01 0.87 0.80 0.67 0.70 0.53 
SD77 34 93 1.53 0.48 0.67 0.76 0.84 0.75 0.64 0.67 0.81 0.70 
SD77 17 33 2.42 0.54 0.81 1.09 1.33 1.43 1.23 1.03 1.00 0.79 
SD77 17 63 1.65 0.50 0.74 0.88 1.02 1.02 1.02 0.90 0.85 0.61 
SD77 17 93 1.39 0.47 0.63 0.71 0.80 0.79 0.66 0.77 0.91 0.89 
0.55 
0.39 
0.27 
0.57 
0.42 
0.30 
0.61 
0.42 
0.33 
0.74 
0.13 
0.08 
1.43 
0.00 
0.03 
1.02 
0.01 
1.14 
0.59 
0.43 
0.76 
0.26 
0.36 
0.66 
0.30 
0.49 
Table A- 3. (Continued) 
Popula- Node number 
Cultlvar tlon 
space , ^ 
(cm) 2\ 12 13 14 15 16 17 18 19 20 21 22 23 
per m^) 
Coles 69 33 1.36 1.19 1.05 0.83 0.76 0,72 0,60 0.36 0.40 0. 04 
Coles 69 63 0.97 0.73 0.53 0.34 0.24 0,13 0,08 0.13 
Coles 69 93 0.67 0.41 0.24 0.14 0.08 
Coles 34 33 1.25 1.09 0.83 0.71 0.61 0,55 0,58 0.43 0.36 0. 15 0. 15 
Coles 34 63 0.92 0.70 0.45 0.22 0.13 0,10 0,06 0.03 0.03 
Coles 34 93 0.54 0.43 0.23 0.12 0.03 
Coles 17 33 1.31 1.12 0.92 0.55 0.45 0,49 0,38 0.58 0.68 0. 27 0, 14 
Coles 17 63 0.90 0.68 0,41 0.19 0.09 0,02 0,07 0.04 
Coles 17 93 0.58 0.39 0.18 0.07 
Williams 69 33 1.04 0.84 0.63 0.37 0.25 0,13 0,10 0.10 0.06 0. 02 0, 06 
Williams 69 63 0.69 0.45 0,27 0.19 0.07 
Williams 69 93 0.49 0.30 0.20 0.08 0.02 
Williams 34 33 1.17 1.02 0.76 0.56 0.38 0.25 0.11 0.05 0.04 0. 07 
Williams 34 63 0.07 0.40 0.25 0.14 0.05 
Williams 34 93 0.41 0.31 0,18 0.11 0.05 
Williams 17 33 1.17 0.99 0,71 0.47 0.27 0.19 0.12 0.07 0.11 0. 12 0, 06 
Williams 17 63 0.63 0.38 0.17 0.09 0,05 
Williams 17 93 0.41 0.32 0.18 0.08 0,06 
A73D22 69 33 0.73 0.52 0.52 0.41 0,22 0.04 
A73D22 69 63 0.35 0.24 0.13 0.09 0,06 
A73D22 69 93 0.25 0.10 0.05 
A73D2:2 34 33 0.69 0.44 0.58 0.90 0,72 0.37 0.17 
A73D22 34 63 0.26 0.11 0.06 0.11 
A73D22 34 93 0.17 0.08 0.03 0.04 
A73D22 17 33 0.65 0,40 0.41 0.50 0,66 0.33 0.14 0.03 
A73D22 17 63 0.41 0.13 0.08 0.09 0,08 
A73D22 17 93 0.13 0.05 
Table A- 3. (Continued) 
CultiAfar Row 
Popula­
tion 
Node number 
space 
(cm) (plants 
per 
12 13 14 15 16 17 18 19 20 21 22 23 
72-23113 69 33 0.38 0.25 0.17 0.18 0.13 0.16 0.06 0.13 0.12 
72-23113 69 63 0.26 0.14 0.08 0.05 
72-23113 69 93 0.17 0.12 0.09 
72-23113 34 33 0.41 0.30 0.15 0.07 0.09 0.29 0.20 0.24 0.32 0.13 
72-23113 34 63 0.31 0.18 0.06 
72-23113 34 93 0.20 0.13 0.05 
72-23113 17 33 0.40 0.30 0.13 0.09 0.08 0.14 0.33 0.45 0.38 0.05 
72-23113 17 63 0.33 0.15 0.04 0.00 0.00 0.37 
72-23113 17 93 0.22 0.16 0.07 0.03 
Elf 69 33 0.34 0,03 
Elf 69 63 
Elf 69 93 0.02 
Elf 34 33 1.23 0.37 0.24 
Elf 34 63 0.05 
Elf 34 93 
Elf 17 33 1.09 0.40 0.26 
Elf 17 63 
Elf 17 93 
SD77 69 33 0.84 0.42 0.44 0.07 
SD77 69 63 0.21 0.07 0.03 
SD77 69 93 0.20 0.10 
SD77 34 33 0.77 0.97 0.46 0.30 0.04 
SD77 34 63 0.12 0.04 0.02 
SD77 34 93 0.11 0.03 
SD77 17 33 0.65 0.69 0.55 0.24 0.33 
SD77 17 63 0.10 0.04 
SD77 17 93 0.17 0.07 0.03 
Table A- 4. Cultlvar means of plant characters averaged over row spacing, populations and 
environments 
Variables Plant characters 
CuUivar Day, Days % % "T' ^ "If Yield 
m PA popu- popu- R1 5 R8 at est pod es per per (q/ha) 
lation lation (cm) (cm) R8 (cm) plant plant ' 
Coles 44 120 60. 79 58. 05 37. 90 7.63 112. 91 16. 20 3. 55 12.35 1.73 31.54 34. 28 4.36 
Williams 57 135 64. 68 57, 88 57. 37 10.68 119. 66 17. 53 2. 98 21.64 1.54 26.23 30. 81 8.34 
A73D22 46 117 61. 93 58, 40 36. 55 7.58 95. 57 14. 40 3. 09 14.02 1.14 30.82 31. 87 4.00 
72-23113 55 135 65. 19 61. 06 52. 53 10.69 98. 62 17. 15 3. 26 23.80 0.56 25.23 31. 40 4.78 
Elf 58 136 63. 23 57. 11 51. 61 10.59 63. 78 11. 61 2. 10 13.02 4.65 30.57 34. 39 8.40 
SD77 59 133 62. 77 53. 41 52. 28 11.70 78. 95 13. 44 2. 67 14.42 4.18 43.12 31. 28 9.29 
LSD (.05) — *— —— 2. 62 3. 62 4. 64 0.54 4. 97 0. 56 0. 21 1,17 0.42 2.37 2. 33 4.09 
Table A-5. 'Fhe mean squares of plant characters for the row spacing study 
d.f. % - rr aflj' 
(cm) (cm) 
Env^ 5 4954. 258 5925. 499 15080. 99 162. 404 7053, 852 34 .588 
Rep (Env) 12 1. 137 9. 386 107. 082 0. ,568 120. 890 0 .189 
Rs 2 695 45. 217 1874. 511* 34. 179** 6924. 842** 106. 270** 
Env^Ra (Error A) 10 1. 721 43. 500 319. 532 2. 018 481. 059 5, .250 
Env*Ra*Rep 20 1. 091 6. 681 45. 740 1, 117 87. 078 0 .585 
Cult 5 6505. 721** 10873. 581** 15277. 201** 499. 590** 70456. 779** 866. 897** 
Env*Ciilt (Error B) 25 49. 248 262. 872 411. 921 5. 577 472. 626 6. 008 
Pop 2 ]l. 845 1. 131 5507. 321** 136. 204** 4039. 314** 417. 261** 
Env*Pop (Error C) 10 0. 863 47. 042 54. 822 1. 518 77. 694 1. ,016 
Cult*Pop 10 0. 670* 8. 672 21. 158 1. 325** 615. 750** 25. 600** 
Env*Cult*Pop (Error D) 50 0. 318 —6. 240 15. 424 0. 157 34. 894 0. 709 
Rs*Cu]Lt 10 ]L. 529 0. 913 83. 537** 1. 164* 222. 312** 1. ,019 
Env*Rs*Cult (Error E) 50 ]L. 288 -7. 101 26. 184 0. 540 36. 470 0. ,518 
Rs*Fop 4 0. 504 4. 761 124. 483** 0. 457 474. 227** 0, ,105 
Env*Rs*Pop (Error F) 20 0. 508 0. 872 4. 066 0. 290 50. 180 0. 354 
Rs*Cu.lt*Pop 20 0. 394 1. 326 13. 213** 0. 205 19. 185 0. 258 
Env*Rs*Cult*P(op (Error G) 100 0. 352 0. 522 6. 303 0. 153 17. 174 0. 253 
Residual 616 0. 496 0. 507 8. 542 0. 206 15. 310 0. 264 
Corrected total 971 60. 899 109. 145 198. 805 4. 198 470. 091 6. 498 
^Error mean squares were negative because frost occurred before maturing in some cultivars. 
^Abbreviations: Env - environment; Rep - replication; Rs - row space; Cult - cultivar; 
Pop - population. 
*Significant at 0.05 level. 
**Significant at 0.01 level. 
Table A-5. (Continued) 
Inter- Lodging Height of No. of No. of 
node at lowest branches per pods per _ 
length R8 pod (cm) plant (xlO^) plant (xlO ) 
17.808 4.776 117.016 2806.850 271959.80 
0.414 0.336 10.954 13.736 1655.15 
2.433 6.292** 166.685* 1406.420** 59405.15 
0.920 0.745 29.216 166.329 16516.80 
0.265 0.160 17.437 39.893 2520.27 
66.545** 36.760** 3869.661* 46366.317** 657704.72** 
1.450 0.740 26.574 339.856 10788.85 
160.793** 50.402** 4726.418** 16525.559** 2862656.97** 
0.362 0.765 57.100 401.472 9918.89 
0.290 0.458** 110.100** 819.275** 13462.73** 
0.175 0.116 12.088 78.696 2742.12 
0.809** 0.491* 15.198 149.481** 9070.86** 
0.177 0.226 11.775 47.502 2334.66 
1.546** 0.248 85.424** 68.414 10324.65 
0.199 0.144 11.028 41.886 4798.18 
0,133 0.091 6.600 34.441 1965.10 
0.091 0.093 5.736 27.379 2008.16 
0-0812 0.071 8.098 24.589 1705.91 
0.935 0.504 41.637 342.481 13392.57 
Table A-5. (Continued) 
Stand 
loss 
(%) 
Yield 
(q/ha) 
Yield 
per 
plant 
No. of 
pods per 
node (xlO^) 
No. of 
seeds per 
pod 
Weight per 
seed (em) 
(xlO%) 
2937.523 1694.050 352.851 1471.096 3.349 20.437 
193.635 14.803 1.897 6.999 0.006 1.029 
4373.009** 1057.518* 53.680 1024.500** 0.085 0.020 
331.854 155.509 32.013 45.036 0.021 6.204 
97.999 19.542 3.395 10.786 0.015 0.643 
614.920** 406.298** 115.075** 7649.119** 9.948** 619.185** 
199.404 104.146 20.682 92.198 0.105 8.339 
2624.133** 257.210** 4325.292** 8063.448** 0.940** 2.651 
200.816 18.228 12.668 51.056 0.025 1.021 
30.238 12.793 14.572** 204.452** 0.063** 0.775 
123.312 15.971 3.924 15.931 0.017 0.527 
89.119 42.120* 7.156* 63.994** 0.026 0.950* 
86.367 17.384 3.308 9.963 0.019 0.421 
1104.721* 77.148** 12.444 39.909 0.014 0.545 
227.223 15.744 6.323 17.498 0.023 0.529 
82.502 10.241 2.245 8.221 0.018 0.128 
95.067 12.004 3.023 9.757 0.016 0.315 
94.332 8.997 2.247 7.125 0.014 0.311 
147.990 28.680 15.076 79.671 0.089 3.945 
Table A-6. The cultivar means of plant characters for planting dates and populations over two years 
Cultivar 
Plant- Copula 
txon 
(plants 
per m^) 
Ing 
date 
to 
R1 
Days 
to 
R8 
Height 
at 
R1 
(cm) 
Nodes 
at 
R1 
Height 
at 
R5 
(cm) 
Nodes Lodging 
at at 
R5 R5 
Height 
at 
R8 
(cm) 
Average 
Nodes inter-
at node 
R8 length 
(cm) 
Coles 1 33 41.3 118.8 31.21 7.86 104.41 16.26 2.33 120.66 19.50 6.19 
Coles 1 63 40.8 118.6 37,05 6.86 114.48 14.10 3.60 121.71 15.38 7.91 
Coles 1 93 40.8 118.0 41.73 6.98 116.70 13.15 4.26 122.18 14.30 8.54 
Coles 2 33 36.8 108.6 27.51 7.08 101.61 15.11 2.66 109.25 16.95 6.45 
Coles 2 63 36.5 108.3 34.15 6.60 109.01 12.85 3.33 111.43 14.00 7.96 
Coles 2 93 36.6 109.% 35.86 6.41 113.08 11.98 4.20 108.73 12.98 8.40 
Coles 3 33 33-8 pa 27.78 7.06 90.35 12.73 2.13 93.58 14.71 6.34 
Coles 3 63 33.6 F 34.60 6.60 98.48 11.60 3.66 103.05 13.01 7.94 
Coles 3 93 33.6 F 38.38 5.86 97.48 10.11 4.53 96.85 11.60 8.34 
A73D28 1 33 44.1 117.0 35.18 8.41 97.43 15.48 1.66 97.10 16.40 5.94 
A73D28 1 63 43.8 117.0 41.55 7.56 107.55 14.08 3.36 110.53 15.16 7.30 
A73D28 1 93 44.3 117.1 43.65 7.33 108.46 12.81 3.80 109.81 13.33 8.23 
A73D28 2 33 38.5 108.1 28.75 7.51 88.80 14.63 1.93 87.80 15.05 5.83 
A73D28 2 63 38.0 108.1) 35.31 6.86 100.26 12.41 3.40 100.06 13.70 7.30 
A73D28 2 93 38.5 108.5 39.38 6.65 102.68 11.18 4.30 98.28 12.21 8.05 
A73D28 3 33 36.0 F 31.73 7.40 83.78 12.08 1.73 79.93 12.81 6.23 
A73D28 3 63 35.6 F 36.68 6.81 91.48 10.85 3.06 89.85 12.20 7.36 
A73D28 3 93 36.0 F 39.61 6.38 92.76 9.90 4.20 91.41 11.21 8.15 
= plsints did not reach R8 before frost. 
Table A- 6. (Continued) 
CultiAfar Plant­
ing 
date 
Popula­
tion 
(plants 
per m2) 
Days 
to 
RI 
Days 
to 
R8 
Height 
at 
R1 
(cm) 
Nodes 
at 
R1 
Height 
at 
R5 
(cm) 
Nodes Lodging 
at at 
R5 R5 
Height 
at 
R8 
(cm) 
Average 
Nodes inter-
at node 
R8 length 
(cm) 
72-23113 1 33 53.5 132.3 43.51 11.15 101.35 20.36 2.96 101.15 20.20 5.02 
72-23113 1 63 53.5 135.0 49.80 10.16 108.68 17.63 3.76 108.51 18.93 5.75 
72-23113 1 93 54.1 135.6 53.53 9.35 114.58 16.08 4.23 117.91 17.18 6.87 
72-23113 2 33 46.3 F 36.31 10.23 86.98 17.33 2.00 86.66 18.06 4.78 
72-23113 2 63 46.3 F 43.80 9.55 96.66 15.36 3.53 95.16 16.65 5.71 
72-23113 2 93 46.5 F 48.96 8.66 101.08 14.01 4.23 103.00 15.70 6.55 
72-23113 3 33 38.1 F 34.13 8.71 78.53 14.76 1.86 78.26 15.13 5.15 
72-23113 3 63 38.1 F 39.06 7.76 87.66 13.06 3.63 88.68 13.88 6.37 
72-23113 3 93 38.3 F 40.93 7.11 88.75 11.78 4.30 90.76 13.10 6.91 
SD77 1 33 58.1 132.6 61.15 13.73 79.80 15.56 3.16 77.83 15.21 5.15 
SD77 1 63 58.1 133.1 69.43 12.43 89.68 14.71 3.40 91.13 14.61 6.25 
SD77 1 93 58.1 133.(5 71.53 11.80 95.11 14.18 3.90 95.73 14.25 6.73 
SD77 2 33 50.1 F 48.23 11.31 73.68 14.18 1.96 69.55 13.60 5.11 
SD77 2 63 50.1 F 58.66 10.50 85.11 13.63 3.36 82.63 13.18 6.27 
SD77 2 93 50.3 F 62.96 10.00 90.43 12.95 3.80 91.35 13.18 6.94 
SD77 3 33 45.1 F 49.13 10.98 66.28 12.46 1.93 66.21 11.80 5.62 
SD77 3 63 45.3 F 59.05 10.06 73.23 12.06 2.63 79.10 11.76 6.72 
SD77 3 93 45.5 F 63.20 9.51 80.83 11.71 3.96 83.65 11.70 7.32 
Table A-6. (Continued) 
Plant- Lodg- Height No. of No. of 
Cultivar , ^ tion ing of low- branch- pods 
, ^  (plants at est pod es per per 
^ ^  per m^) R8 (cm) plant plant 
Coles 1 33 2.83 8.75 2.41 49.33 
Coles 1 63 3.45 16.93 0.63 26.81 
Coles 1 93 3.91 16.00 0.93 23.63 
Coles 2 33 2.33 7.76 1.33 38.58 
Coles 2 63 3.15 15.30 0.26 21.23 
Coles 2 93 3.25 16.01 0.05 17.78 
Coles 3 33 2.18 8.08 2.43 33.85 
Coles 3 63 3.23 14.86 0.56 20.73 
Coles 3 93 3.75 17.26 0.26 17.36 
A73D28 1 33 2.33 10.20 2.08 50.23 
A73D28 1 63 3.46 18.48 0.26 28.51 
A73D28 1 93 3.53 18.65 0.08 21.78 
A73D28 2 33 2.01 8.08 1.95 41.46 
A73D28 2 63 2.75 17.33 0.23 21.66 
A73D28 2 93 3.35 17.46 0.00 18.00 
A73D28 3 33 2.03 9.23 2.03 33.28 
A73D28 3 63 2.58 16.03 0.48 20.31 
A73D28 3 93 3.40 17.80 0.21 17.68 
Yield Yield 
(%r punt 
No, of No. of Weight 
pods seeds per 
per per seed 
node pod (gm) 
-2.46 43.39 19.37 2.52 2.178 0.180 
1.61 42.37 11.03 1.73 2.185 0.187 
1.34 41.01 9.21 1.65 2.163 0.180 
2.13 34.84 15.92 2.28 2.222 0.186 
10.79 36.84 10.27 1.52 2.507 0.192 
9.93 36.55 8.02 1.35 2.304 0.193 
1.25 24.84 11.27 2.33 2.193 0.152 
12.99 26.44 7.08 1.60 2.113 0.163 
6.20 28.66 5.88 1.50 2.149 0.158 
0.35 39.25 19.48 3.03 2.216 0.176 
2.85 42.68 11.86 1.88 2.207 0.188 
0.95 40.67 8.83 1.63 2.116 0.192 
8.60 34.37 16.04 2.75 2.288 0.169 
9.33 36.93 9.37 1.58 2.202 0.196 
9.13 35.16 8.13 1.46 2.270 0.196 
-1.01 27.74 10.53 2.61 2.280 0.139 
7.85 26.73 6.75 1.66 2.250 0.148 
9.53 26.75 5.84 1.57 2.166 0.153 
Table A-6. (Continued) 
Plant- Popula- Lodg- Height No. of No. of stand Yield No. of Weight 
Cultlvar J ^ tion ing of low- branch- pods loss Yield pods seeds per 
(plants at est pod es per per (q/ha) per per seed 
per m2) R8 (cm) plant plant ^ node pod (gm) 
72-23113 1 33 2.00 15.58 0.76 39.80 4.61 34.52 15.57 1.97 2.759 0.141 
72-23113 1 63 3.10 24.78 0.11 27.98 2.27 35.52 11.25 1.47 2.716 0.148 
72-23113 1 93 3.73 33.91 0.25 16.60 9.49 36.70 6.01 0.96 2.500 0.144 
72-23113 2 33 2.01 14.31 1.10 35.95 -0.07 31.24 13.10 1.99 2.864 0.127 
72-23113 2 63 3.08 22.41 0.13 23.45 7.38 31.04 9.28 1.41 2.846 0.138 
72-23113 2 93 3.68 25.03 0.21 18.60 13.89 33.43 7.42 1.18 2.858 0.138 
72-23113 3 33 2.11 10.93 1.16 34.40 2.60 25.13 9.52 2.28 2.800 0.099 
72-23113 3 63 2.88 21.66 0.15 19.51 0.35 22.51 5.74 1.41 2.786 0.105 
72-23113 3 93 3.68 23.15 0.03 16.25 5.21 23.05 5.01 1.24 2.957 0.103 
SDT7 1 33 2.16 11.05 5.20 73.91 5.45 40.35 20.72 4.82 2.042 0.136 
SD77 1 63 3.23 18.21 3.76 42.25 16.03 38.97 11.11 2.91 1.990 0.132 
SD77 1 93 3.36 19.01 3.13 36.40 14.33 38.01 8.57 2.59 1.792 0.130 
SD77 2 33 2.05 8.70 4.88 53.86 12.24 34.39 16.37 3.96 2.163 0.140 
SD77 2 63 2.90 15.50 2.88 36.18 10.81 35.48 11.14 2.75 2.169 0.140 
SD77 2 93 3.48 15.10 3.08 34.15 19.80 33.97 9.26 2.59 2.003 0.135 
SD77 3 33 2.01 8.68 4.30 46.65 14.64 21.92 10.30 3.94 2.154 0.103 
SD77 3 63 2.90 12.61 3.03 31.55 17.01 22.66 7.06 2.69 2.219 0.100 
SD77 3 93 3.73 17.15 2.55 28.95 16.95 22.31 5.68 2.49 2.010 0.096 
Table A- 7. Hie mean number of pods by nodes for cultivars, planting dates and populations over 
two years 
Plant- Node number 
Cultivar 
ing 
date 
tion 
(plants 
per m^) 1* 2 3 4 5 6 7 
8 9 10 11 
Coles 1 33 0.73 1,45 1.93 2.06 2.31 2.38 2.86 3.20 3.46 3.55 3.86 
Coles 1 63 0.46 1.1.5 1.70 1.88 2.18 2.16 2.45 2.65 2.86 2.78 2.60 
Coles 1 93 0.75 1,11 1.65 1.83 1.78 2.01 2.00 2.31 2.73 2.31 1.98 
Coles 2 33 0.95 1.56 2.05 2.15 2.31 2.60 2.66 3.00 3.25 3.53 3,05 
Coles 2 63 0.76 1.26 1.33 1.61 1.85 2.21 2.26 2.68 2.46 2.25 1,46 
Coles 2 93 0.85 1.08 1.33 1.56 1.83 2.15 2.23 2.20 1.80 1.35 0.71 
Coles 3 33 1.28 1.45 1.78 1.80 2.11 2.61 2.81 2.80 2.56 2.68 2,51 
Coles 3 63 0.95 1.13 1.41 1.46 2.11 2.16 2.46 2.61 2.50 1.61 1.08 
Coles 3 93 0.96 1.35 1.55 1.70 1.88 2.20 2.31 2.11 1.58 1.00 0.48 
A73D28 1 33 4.65 2.53 2.86 3.28 3.70 3.60 3.91 3.78 3.55 3.25 2.70 
A73D28 1 63 2.23 1,66 2.23 2.28 2,56 2.80 2.93 2.70 2.66 2.61 2.20 
A73D28 1 93 1.85 1,50 1.83 1.78 2,01 2.05 2.26 2.35 2.13 1.88 1.21 
A73D28 2 33 3,95 2,41 2.61 2.70 3.03 3.01 3.31 3.55 3.53 3.08 2.53 
A73D28 2 63 1.21 1,63 1.86 2.08 2,06 2.35 2.40 2.51 2.23 1.66 0.95 
A73D28 2 93 1.48 1,65 1.81 1.81 2.13 2.13 2.18 1.90 1.45 0.81 0.40 
A73D28 3 33 4.30 1,96 2.28 2.53 2,75 3.10 3.00 2.78 2.71 1.95 2.06 
A73D28 3 63 2.68 1,58 2.01 2.33 2.28 2.38 2.33 1.91 1.40 0.78 0.35 
A73D28 3 93 1.93 1.58 1.81 2.15 2.23 2.10 2.10 1.58 1.36 0.53 0.20 
^Node number 1 is the uppermost node. 
Table A- 7. {Continued) 
, , Plant- .? Node number 
Cultivar tion 
Ing 
date 2 3 4 5 6 7 8 9 10 11 
per m'^) 
72-23113 1 33 3.83 2.63 3.05 3.15 3.01 3.15 3.21 3.15 3.08 3.08 2.31 
72-23113 1 63 2.50 1.90 2.33 2.06 2.23 2.36 2.55 2.30 2.28 1.98 1.86 
72-23113 1 93 1.36 1.58 1.78 1.53 1.51 1.30 1.10 1.20 1.26 1.05 1.06 
72-23113 2 33 3.96 2.73 3.11 2.95 2.93 2.90 3.01 2.91 2.75 2.70 2.26 
72-23113 2 63 2.35 l.S'l 2.15 1.96 2.10 2.11 2.13 2.01 2.26 1.88 1.26 
72-23113 2 93 1.58 1.58 1.91 1.75 1.61 1.60 1.51 1.55 1.63 1.46 1.21 
72-23113 3 33 3.31 2.43 2.70 2.95 3.16 2.85 2.78 2.68 2.70 2.30 1.66 
72-23113 3 63 1.56 1.60 2.11 2.21 2.31 2.16 1.93 2.00 1.81 1.10 0.55 
72-23113 3 93 1.33 1.16 1.61 2.11 2.06 2.06 1.80 1.61 1.38 0.68 0.33 
sd77 1 33 8.25 2.10 3.08 4.25 5.66 5.41 5.30 5.61 5.66 6.11 7.55 
SD77 1 63 6.61 1.95 2.40 3.10 3.68 4.21 3.86 4.78 4.18 3.88 2.55 
SD77 1 93 4.26 1.76 2.11 2.73 2.83 2.86 2.78 3.65 4.55 5.21 2.23 
sd77 2 33 6.70 1.38 2.30 3.53 4.73 5.48 5.43 5.28 4.63 5.00 3.21 
SD77 2 63 5.18 l.î!8 1.85 2.83 3.93 4.56 4.60 4.20 3.73 2.23 0.96 
sd77 2 93 3.48 1.15 1.70 2.26 3.15 3.98 4.35 4.85 4.60 2.86 1.38 
SD77 3 33 5.35 1.03 2.30 3.70 4.88 4.83 4.30 4.78 4.25 4.18 4.13 
SD77 3 63 4.83 l.]L6 1.95 2.95 3.73 3.90 3.95 3.80 2.80 1.61 0.71 
SD77 3 93 4.38 1.11 2.01 2.63 3.16 3.58 3.86 3.55 3.05 1.41 0.16 
Table A- 7. (Continued) 
Cultivar Plane-
Node number 
Ing 
date 
tlon 
(plants 
per m^) 12 1:1 14 15 16 17 18 19 20 21 22 
Coles 
Coles 
Coles 
Coles 
Coles 
Coles 
Coles 
Coles 
Coles 
1 
1 
1 
2 
2 
2 
3 
3 
3 
33 
63 
93 
33 
63 
93 
33 
63 
93 
3.63 
1.80 
1.56 
2.28 
0.71 
0.35 
2-70 
0.70 
0.16 
3.46 
1.16 
0.i)0 
1.B5 
0.18 
0.18 
2.(55 
0.23 
3.03 
0.58 
0.43 
1.61 
0.11 
1.63 
2.11 
0.05 
0.16 
1.76 
1.60 
0.23 
2.11 1.61 1.36 
0.10 0.21 
1.45 1.45 0.98 
0.50 0.23 0.10 
1.78 1.63 0.45 0.56 
A73D28 
A73D28 
A73D28 
A73D28 
A73D28 
A73D28 
A73D28 
A73D28 
A73D28 
1 
1 
1 
2 
2 
2 
31 
3 
3 
33 
63 
93 
33 
63 
93 
33 
63 
93 
2.16 
1.03 
0.68 
1.71 
0.48 
0.21 
1.90 
0.18 
0.08 
1.70 
0.43 
0.18 
1.88 
0.15 
1.48 
0.10 
1.53 
0.06 
2.48 
0.08 
2.26 1.53 0.65 0.06 
1.66 1.55 0.88 
0.28 0.16 
0.05 
Table A.- 7. (Continued) 
Popula- Node number 
Cultivar tlou 
(plants 
date 12 13 14 15 16 17 18 19 20 21 22 
per 
72-23113 1 33 1.70 0.93 0.75 0.41 0.11 0.06 0.30 0.05 
72-23113 1 63 1.63 1.13 0.58 0.20 
72-23113 1 93 0.90 0.43 0.18 0.30 
72-23113 2 33 1.25 0.55 0.63 0.36 0.23 0.20 0.36 0.10 
72-23113 2 63 0.75 0.21 0.08 —— 0.18 
72-23113 2 93 0.78 0.28 0.06 
72-23113 3 33 1.16 0.8)3 1.35 0.76 0.73 
72-23113 3 63 0.10 
72-23113 3 93 0.06 
1.13 0.65 
SD77 1 33 4.81 3.36 
SD77 1 63 0.90 0.11 
SD77 1 93 1.23 0.11 
SD77 2 33 2.73 2.45 
SD77 2 63 0.40 0.40 
SD77 2 93 0.35 
SD77 3 33 2.58 0.31 
SD77 3 63 0.06 0.06 
SD77 3 93 
3.68 2.01 0.13 0.88 
0.81 0.16 
Table A- 8. The mean seed yield (g) by nodes for cultlvars, planting dates and populations over 
two years 
p- Popula- Node number 
Cultivar tion 
date (plants ^ 23456789 10 11 
per m') 
Coles 1 33 0.16 0.41 0.61 0.72 0.90 0.98 1.23 1.51 1.62 1.61 1.62 
Coles 1 63 0.11 0.34 0.60 0.72 0.87 0.87 1.11 1.20 1.28 1.23 1.09 
Coles 1 93 0.15 0.36 0.55 0.65 0.71 0.83 0.86 0.99 1.08 1.01 0.84 
Coles 2 33 0.24 0.48 0.65 0.78 0.93 1.07 1.23 1.31 1.51 1.64 1.44 
Coles 2 63 0.29 0.54 0.58 0.75 0.83 1.10 1.16 1.41 1.38 1.10 0.65 
Coles 2 93 0.24 0.45 0.56 0.68 0.91 1.07 1.06 0.99 0.87 0.57 0.29 
Coles 3 33 0.24 0.35 0.41 0.47 0.55 0.82 0.97 1.04 1.07 1.15 0.97 
Coles 3 63 0.13 0.22 0.30 0.39 0.60 0.76 0.98 1.07 1.03 0.72 0.42 
Coles 3 93 0.15 0.30 0.41 0.53 0.64 0.85 0.89 0.78 0.58 0.41 0.21 
A73D28 1 33 1.62 0.93 1.18 1.33 1.47 1.51 1.67 1.56 1.48 1.29 1.05 
A73D2B 1 63 0.82 0.68 0.87 0.93 1.03 1.22 1.31 1.23 1.15 1.09 0.87 
A73D2.8 1 93 0.64 0.58 0.73 0.70 0.84 0.93 0.98 0.99 0.88 0.75 0.47 
A73D28 2 33 1.40 0.85 1.03 1.07 1.19 1.28 1.42 1.58 1.48 1.20 0.90 
A73D28 2 63 0.39 0. 60 0.75 0.92 0.90 1.08 1.13 1.16 1.01 0.71 0.40 
A73D28 2 93 0.62 0. 69 0.76 0.81 1.00 1.02 1.04 0.93 0.64 0.36 0.17 
A73D28 3 33 1.13 0.51 0.67 0.75 0.88 0.95 1.07 1.02 0.99 0.68 0.68 
A73.D28 3 63 0.66 0.46 0.58 0.74 0.76 0.82 0.86 0.82 0.56 0.26 0.12 
A73D28 3 93 0.44 0.46 0.54 0.70 0.71 0.77 0.86 0.61 0.45 0.16 0.06 
Table A- 8. (Continued) 
Cultlvar 
Plant­
ing 
date 
Popula­
tion 
Node number 
(plants 
per m^) 1 2: 3 4 5 6 7 8 9 10 11 
72-23113 1 33 1.29 1.01 1.21 1.26 1.30 1.33 1.35 1.32 1.25 1.22 0.83 
72-23113 1 63 0.86 0.77 0.95 0.95 1.00 1.08 1.05 1.00 0.90 0.82 0.70 
72-23113 1 93 0.42 0.56 0.70 0.61 0.59 0.54 0.40 0.43 0.43 0.40 0.33 
72-23113 2 33 1.19 0.90 1.13 1.11 1.18 1.21 1.21 1.17 1.09 1.05 0.78 
72-23113 2 63 0.74 0.70 0.84 0.85 0.96 0.98 0.88 0.86 0.90 0.72 0.44 
72-23113 2 93 0.49 0.57 0.74 0.76 0.68 0.69 0.66 0.68 0.72 0.57 0.43 
72-23113 3 33 0-63 O.îil 0.60 0.73 0.90 0.85 0.89 0.88 0.91 0.73 0.51 
72-23113 3 63 0.31 0.37 0.52 0.64 0.72 0.70 0.64 0.64 0.60 0.32 0.18 
72-23113 3 93 0.28 0.27 0.45 0.64 0.68 0.67 0.65 0.55 0.46 0.22 0.09 
SD77 1 33 2.75 0.77 1.07 1.34 1.68 1.59 1.41 1.48 1.42 1.52 1.92 
SD77 1 63 2.15 0.60 0.74 0.95 1.00 1.04 0.99 1.15 0.90 0.81 0.53 
SD77 1 93 1.18 0.i>l 0.59 0.71 0.74 0.64 0.60 0.82 1.01 1.09 0.39 
SD77 2 33 2.31 0.50 0.83 1.23 1.62 1.74 1.67 1.43 1.17 1.21 0.98 
SD77 2 63 1.72 0.42 0.62 0.92 1.26 1.51 1.42 1.21 1.01 0.56 0.25 
SD77 1 93 1.10 0.36 0.51 0.65 0.97 1.46 1.25 1.20 1.10 0.57 0.27 
SD77 3 33 1.41 0.28 0.59 0.84 1.15 1.09 1.00 0.98 0.76 0.72 0.81 
SD77 3 63 1.19 0.30 0.47 0.73 0.88 0.90 0.88 0.78 0.48 0.26 0.11 
SD77 3 93 0.94 0.26 0.44 0.55 0.69 0.72 0.75 0.64 0,42 0.19 0.02 
Table A- 8. (Continued) 
Cultiver 
Se 
per m^) 
Node number 
12 13 14 15 16 17 18 19 20 21 22 
Coles 1 33 1.51 1.21 1.15 0.78 0.73 0.51 0.48 
Coles 1 63 0.74 0.42 0.20 0.02 0.05 0.10 
Coles 1 93 0.57 0.33 0.16 0.04 
Coles 2 33 1.00 0.72 0.63 0.66 0.54 0.58 0.39 
Coles 2 63 0.27 0.08 
Coles 2 93 0.15 0.06 0.05 
Coles 3 33 1.00 0.86 0.56 0.45 0.17 0.08 0.04 
Coles 3 63 0.25 0.07 — 0.05 
Coles 3 93 0.06 
A73D28 1 33 0.77 0.57 0.54 0.84 0.76 0.58 0.25 
A73D28 1 63 0.39 0.16 0.01 0.03 
A73D28 1 93 0.24 0.05 
A73D28 2 33 0.61 0.61 0.53 0.53 0.29 
A73D28 2 63 0.20 0.CI4 
A73D2& 2 93 0.03 
A73D281 3 33 0.58 0.44 0.08 0.04 
A73D28 3 63 0.02 0.03 0.01 
A73D28i 3 93 0.02 
0.68 0.57 0.17 0.22 
0.02 
Table A- 8- (Continued) 
Cul£i\rar Plant­
ing 
date 
Popula­
tion 
Node number 
(plants 
per m2) 12 13 14 15 16 17 18 19 20 21 22 
72-23113 1 33 0.64 0.32 0.23 0.11 0.03 0.01 0.08 0.43 0.26 
72-23113 1 63 0.57 0.32 0.15 0.45 
72-23113 1 93 0.28 0.12 0.04 0.08 
72-23113 2 33 0.37 0.14 0.13 0.08 0.05 0.05 0.14 0.02 
72-23113 2 63 0.22 0.05 0.02 0.04 
72-23113 2 93 0.26 0.08 0.01 
72-23113 3 33 0.33 0.23 0.38 0.19 0.17 
72-23113 3 63 0.03 
72-23113 3 93 0.01 
SD77 1 33 1.25 0.87 0.85 0.47 0.01 0.26 
SD77 1 63 0.15 0.03 
SD77 1 93 0.21 0.02 
SD77 2 33 0.75 0.(52 0.22 0.03 
SD77 2 63 0.09 0.10 
SD77 2 93 0.07 
SD77 3 33 0.54 0.06 
SD77 3 53 0.01 0.01 
SD77 3 93 
Table A- 9. The cultivar means of plant characters averaged over planting dates, populations and 
years 
Plant characters 
Cultivars Days Days 
to to 
R1 R8® 
Height 
at 
R1 
(cm) 
Nodes 
at 
R1 
Height 
at 
R5 
(cm) 
Nodes 
at 
R5 
Lodging 
S" 
Height 
at 
R8 
(cm) 
Nodes 
at 
R8 
Average 
intemode 
length 
(cm) 
Lodging 
at 
R8 
Coles 37 113 34.25 6.82 105.07 13.10 3.41 109.71 14.71 7.56 3.12 
A73D28 39 112 36.87 7.21 97.02 12.60 3.05 96.08 13.56 7.16 2.82 
72-23113 46 134 43.34 9.19 96.03 15.60 3.39 96.68 16.53 6.23 2.87 
SD77 51 133 60.37 11.15 81.57 13.49 3.12 82.13 13.23 5.90 2.83 
LSD (.05) 4 6 12.88 1.99 11.24 0.61 0.16 9.42 0.65 0.72 ns^ 
^Since all cultivars did not reach R8 before frost on later planting dates, data are given 
only for available dates. 
^Lodging at R5 collected only during 1979 season. 
^Nonsignificant at 0.05 level. 
Table A- 9. (Continued) 
Plant characters 
Height of Ho. of No, of Stand Yield No. of No. of Weight 
lowest branches pods loss Yield per pods seeds per 
pod per per (q/ha) plant per per seed 
(cm) plant plant (gms) node pod (gms) 
13.44 0.99 27.70 4.86 34.99 10.89 1.83 2.224 0.177 
14.80 0.81 28.10 5.29 34.48 10.76 2.02 2.222 0.173 
21.31 0.43 25.83 5.08 30.35 9.21 1.55 2.787 0.127 
14.00 3.64 42.65 14.14 32.01 11.13 3.19 2.060 0.123 
1.82 1.27 3.04 ns 3.17 0.87 0.20 0.102 0.016 
Table A-lO. The mean squares of plant characters for the planting date study 
Source d.f. 
Days 
to 
R1 
Days 
Height 
at 
R1 
(cm) 
Nodes 
at 
R1 
Height 
at 
R5 
(cm) 
Nodes 
at 
R5 
Lodging 
Yr^ 1 450. ,666 144. 675 1440, .983 1, .306 2929 .723 59 .115 __ 
Rep (Yr) 4 0. ,231 0, .629 7. 360 0, .309 20, .092 0, .243 —— 
Pltdate 2 2179. 615* 7107. ,041* 1130, 153 47. 939* 5480. 026* 213. 791* 0. ,499* 
Pltdaite*Yr 2 49. 875 20. 782 972, .241 1, .722 165. 700 3, .184 0. 025 
Pltdate*Rep (Yr) 8 0. 564 3. 245 38. 661 0, .305 30. 142 0. 180 0. 012 
Cult 3 2227. 765** 3398. ,213** 7454. 327* 214, .540* 5161. ,834* 93, .840** 0. 918** 
Yr*Cult 3 47. 839 48, 719 442. ,739 10. 602 337. ,314 1, .003 0. 094 
Pop 2 1. 060 5. 250 2034. ,805** 30. ,257* 2975. 392** 122, .589 34. 740** 
Pop*Y;r 2 0. 180 2. ,287 1. ,073 0. 537 23, 433 1, .952 0. 094 
Cult*]? op 6 0. 455 5. 101* 18. 195 0. .703* 30. ,170 4. ,948** 0. 318** 
Cult*:Pop*Yr 6 0. 205 0. 737 7. ,586 0. ,151 21. ,630 0. ,276 0. 094 
Cult*Pltdate 6 73. 270** -5570. 597 101. 555 5. 450* 109. ,377 4. 105* 0. 377** 
Cult*fltdate*Yr 6 5. 270 -15. 338 79. 148 1. 202 77. 283 0. 487 0. 094 
Pltdate*Pop 4 0. 039 1. 166 6. 175 0. 317 23. 404 1. 212* 0. 516** 
Pltdate*Pop*Y r 4 0. 826 1. 463 8. 622 0. ,102 40. 829 0. 152 0. 094 
Cult*Pltdate*Pop 12 0. 091 0. 944 7. 657 0. 105 7. 624 0. 349 0. 217* 
Cult*Pltdate*Pop*Yr 12 0. 323 0. 148 6. 379 0. 078 9. 415 0. 195 0. 094 
Residual 132 0. 165 0. 351 3. 374 0. 070 8. 123 0. 173 0. 094 
Corrected total 215 56. 976 113. 298 165. 857 4. 184 186. 057 5. 222 0. 826 
®Some cultivars did not mature before frost; therefore, some interactions have negative 
mean squares.. 
^Data taken in 1979 only. 
^Abbreviations: Yr - year; Rep - replication; Pltdate - planting date; Cult - cultivar; 
Pop - population. 
*Signiflcant at 0.05 level. 
**Significant at 0.01 level. 
Table A-10. (Continued) 
Height 
Ixodes 
Average Lodg­ Height No. of No. of 
A f at r.«- intemode ing of low­ branches pods per 
R8 length at. est pod per plant plant 
(cm) Ko (cm) R8 (cm) (xl02) (xl02) 
Yr^ 1 2025. 231 78. 120 0. 390 0. 004 0. 782 950. 041 251. 338 
Rep (Yr) 4 61. 711 0, 623 0. 034 0. 044 6. 818 21. ,958 786. 940 
Fit datte 2 6703. 277* 216, 036** 1. 380 0. 994 167. 392 165, 125 175669, 764 
Pltdaite*Yr 2 255. 736 2, 086 1. 663 1. 056 42. 354 312. 763 18261. 727 
Pltdatte*Rep (Yr) 8 31, 812 0, 485 0. 240 0. 220 10. 331 12. 694 2601. 704 
Cuit 3 6855. 439** 1:19. 116** 32. 523* 1. 031 721. 878** 11638. 893* 327154, 054** 
Yr*Cult 3 236, 586 1. 146 1. 395 0. 924 8. 922 436. 461 2471. 869 
Pop 2 2874. 962** 103. 975* 69. 530k* 34. 075** 1864. 613** 5420. 430 976228. 597* 
Pop*Y:r 2 12. 594 4. 132 0. 202 0. 069 2. 417 39. 180 30478. 699 
Cult*Pop 6 297. 188* 11. 028** 0. 474 0. 126 38. 869** 123. 097 5837. 387 
Cult*Pop*Yr 6 36. 993 0. 723 0. 134 0. 231 3. 301 105. 637 7603. 267 
Cult*Pltdate 6 158. 233 3. 637 0. 382 0. 447 28. 947 131. 625** 9109. 276* 
Cult*]?ltdate*Yr 6 147. 931 0. 921 0. 591 1. 262 7. 669 6. 128 1070. 128 
Pltdate*Pop 4 11. 345 2. 922* 0. 076 0. 535 8. 410 13. 826 22758. 236 
Pltdate*Pop*Yr 4 51. 068 0. 364 0. 089 --0. 023 22. 109 160. 340 10873. 671 
Cul t*lPltdate*Pop 12 20. 829 0. 493 0. 082 0. 024 14. 812 31. 669 3910. 804 
Cul t*]Pltdate'''Pop*Y i 12 23. 529 0. 185 0. 173 -•0. 489 5. 076 15. 491 4598. 110 
Residual 132 12. 191 0. 190 0. 668 0. 060 6. 032 15. 257 1041. 181 
Corrected total 215 231. 298 5. 777 1. 265 0. 489 37. 611 254. 492 18279. 809 
^Data omitted on some ctiltivars in 1978. 
Table A-10. (Continued) 
Source d . f .  "Ss pods pet seeds per 
Yr^ 1 7168. 031 392. 916 19. 950 283. ,596 1. 306 0, .540 
Rep (Yr) 4 133, .415 0. 759 0. 972 2. ,473 0. ,001 0. 264 
Pltdate 2 419. 240 3948. 025* 512. 050 77, .471 0. 434 300, .127* 
Pltdate*Yr 2 347. 758 60. 285 71. 574 53, .179 0. 572 8, .943 
Pltdate*Rep (Yr) 8 79. ,839 4. 082 3. 133 9. 953 0. 019 0. 398 
Cuit 3 1110. 963 254. 735* 41. 186* 2825. ,538** 5. ,483** 444. ,029** 
Yr*Cwlt 3 364. ,187 26. 830 2. 060 10. ,950 0. ,028 7. 483 
Pop 2 632. ,677 4. 984 1093. 919* 2919. ,940* 0, 132* 11. ,015 
Pop*Yr 2 320. 539 2. 630 33. 526 60. 195 0. ,004 1. ,158 
Cult*Pop 6 74. ,852 9, 046 4. 896 82. ,365 0. 047 5. ,075* 
Cult*Pop*Yr 6 171. 338 24. 462 6. 975 37. 421 0. ,024 0. ,619 
Cult^Pltdate 6 104. 612 27. 157* 3. 745 28. ,510 0, ,069 4. 194 
Cult*PltdateAYr 6 28. ,074 4. 052 3. 256 7. 573 0. 027 1. ,069 
Pltdcite*Pop 4 27. 039 6. 654 52. 925 16. 383 0. 039 1. ,036 
Pltdate*Pop*yr 4 110. 994 50. 486 10. 307 33. 462 0. 006 0, 348 
Cult*Pltdate*Pop 12 70. 700 10. 690 3. 324 12. 495 0. 039 0. 447 
Cult*Pltdate*Pop*Yr 12 134. 874 17. 614 5. 452 17. 846 0. 014 0. 294 
Residual 132 95. 971 11. 453 1. 271 4. 440 0. 013 0. 258 
Corrected total 215 158. 915 54. 760 19. 721 79. 948 0. 111 9. 842 
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Table A-11. The predicted number of days required for the soybean 
canopies to attain 90 percent light interception at Boone, 
1979 
Cultivar 
Row 
space 
(cm) 
Population 
(plants per 
Predicted 
no. of 
days 
Coles 69 33 66.7 
Coles 69 63 65.8 
Coles 69 93 62.9 
Elf 69 33 67.1 
Elf 69 63 64.7 
Elf 69 93 61.7 
A73D22 69 33 67.2 
A73D22 69 63 66.3 
A73D22 69 93 62.9 
SD77 69 33 69.2 
SD77 69 63 66.2 
SD77 69 93 65.9 
72-23113 69 33 70.8 
72-23113 69 63 67.6 
72-23113 69 93 66.0 
Williams 69 33 66.0 
Williams 69 63 62.0 
Williams 69 93 59.6 
Coles 34 33 61.4 
Coles 34 63 54.2 
Coles 34 93 50.1 
Elf 34 33 58.5 
Elf 34 63 52.0 
Elf 34 93 47.8 
A73D22 34 33 62.9 
A73D22 34 63 53.3 
A73D22 34 93 49.8 
SD77 34 33 66.2 
SD77 34 63 61.0 
SD77 34 93 53.8 
72-23113 34 33 63.4 
72-23113 34 63 58.1 
72-23113 34 93 52.8 
Williams 34 34 56.0 
Williains 34 63 50,6 
Williams 34 93 47.3 
Coles 17 33 61.4 
Coles 17 63 52.8 
Côlêâ 17 S3 47.0 
181 
Table A-11. (Continued) 
Row Population Predicted 
Cultivar space (plants per no. of 
(cm) m^) days 
Elf 17 33 59.6 
Elf 17 63 50.9 
Elf 17 93 46.9 
A73D22 17 33 64.7 
A73D22 17 63 55.1 
A73D22 17 93 48.3 
SD77 17 33 63.8 
SD77 17 63 56.5 
SD77 17 93 51.8 
72-23113 17 33 62.0 
72-23113 17 63 49.9 
72-23113 17 93 48.1 
Williams 17 33 58.0 
Williams 17 63 48.0 
Williams 17 93 45.4 
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Photographs : 
The photograph on p. 183 depicts the terminal growing point of 
indeterminate, semideterminate, and determinate soybean growth types. 
The next three photographs show the amount of soil surface exposed to 
the sunlight and the amount of coverage by the canopy at the three dif­
ferent row spacings of the indeterminate cultivar, Williams, at 33 
2 
plants per m . The final photograph on p. 187 represents the affect of 
altering plant populations on branching and the height of the lowest 
pod of the semideterminate cultivar, 72-23113, at the 34 cm row spacing. 
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